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FOUeWORS 


The  fvi iherance  of  a  comprehensive  shock  and  vi¬ 
bration  program  tor  the  future  needs  of  National  Defense 
depends  upon  the  utilization  of  new  ideas  and  novel 
techniques ,  Moreover,  to  keep  our  designers  and  tech¬ 
nologists  in  the  forefront  of  applied  science,  it  is 
essential  to  disseminata  pertinent  information  as  soon  as 
it  becomes  available. 

The  contents  of  this  Bulletin  demonstrate  splendid  co¬ 
operation  in  prompt  exchange  of  recently  accumulated 
knowledge  in  this  field.  The  material  asseiAled  presents, 
also,  a  study  in  contrast.  Certain  similarities  and 
differences  between  field  testa  of  ships  and  other  types 
of  military  vehicles  are  discussed.  In  approach  and  point 
of  view,  the  British  ship  target  trials  are  both  revealing 
and  instructive  to  us.  The  procedures  described  and  the 
results  obtained  are  impressive,  Planning,  organisation, 
and  experience  are  represented  in  the  trials  routine. 
The  fact  that  over  90  percent  of  the  recordings  were 
suitable  for  analysis,  indicates  a  professional know¬ 
how  "  which  is  as  ye t  beyond  our  ken. 

Our  full-scale  quantitative  teats  are  Just  getting 
under  way,  Plans  and  procedures  are  still  in  the  form¬ 
ative  stages.  We  are  maturing  through  precept  and 
example-somct  imes  the  hard  way,  by  trial  and  srror--but 
we  are  acquiring  knowledge ,  and  our  objectives  t.re  in 
focus. 
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ADMIRALTY  FIELD  INSTRUMENTATION 
FOR  SHOCK  AND  VIBRATION  INVESTIQATIC»J 

By 

J.  Pausey,  R,  N.  S.  S, 


Thera  is  presented  an  outline  and  discussion  of  the  instruments  used  by  the 
Royal  Navy  in  conduct in/i  ship  target  trials.  Relative  merits  of  the  measuring 
devices  employed  and  the  manner  of  processing  the  resulting  data  are  descr ibed. 


It  became  apparent  quite  early  In  the 
recent  war  that  the  effects  of  noncontact 
underwater  esploaioni  on  aiiipt  were  much 
more  aerioua  than  had  been  anticipated  and 
that  it  wa«  quite  poitible  for  a  ship  to  be 
put  out  of  action  aa  a  fighting  unit, 
although  the  hull  waa  not  aerloualy 
damaged,  due  to  the  disruptive  effects  of 
shock  on  the  internal  equipment.  At  first 
there  was  little  coordination  in  efforts  to 
investigate  these  phenomena,  individual 
design  departments  carrying  out  their  owi 
experimental  work  and  trying  to  devise  means 
to  combat  the  trouble.  At  that  time  the 
Electrical  Department  of  the  shore  estab¬ 
lishment  H.M.S.  VEraCN,  the  function  of  which 
was  to  represent  sea-going  opinion  in 
connection  with  the  design  of  electrical 
equipment,  became  interested  in  “shock" 
effects  . 

It  was  apparent  to  this  Department  that 
little  was  known  of  the  magnitude  and 
severity  of  shock  and  vibration  effects 
experienced  and  that  trials  would  have 
to  be  carried  out  under  sea  conditions  to 
get  some  idea  of  these  magnitudes,  so  that 
suitable  methods  of  recording  them  on  a 
large  scale  could  be  developed.  This 
first  trial  was  carried  out  in  January,  1940 


in  the  minesweeper  H.U.  S.  *  BORDE  during  a 
routine  sweeping  trip.  The  instruments 
used  were  crude  and  sinple  “shock”  meters, 
each  of  which  consisted  of  13  spring  steel 
stripaof  lengths  graded  from  3  cm  to  10  cm. 
One  end  of  each  contact  was  firmly  fixed  to 
a  steel  block;  the  other  had  riveted  to  it 
a  small  mass  and  was  free  to  move  1  cm  down¬ 
ward  toward  a  steel  base.  Any  contact 
ahich  moved  1  cm  was  arranged  to  clip  down. 
Six  of  these  meters  were  fitted  to  give 
plus  and  minus  accelerations  in  longi¬ 
tudinal  ,  athwar tships ,  and  vertical 
directions.  Crude  and  unsuitable  as  these 
instruments  were,  they  did  give  some  idea 
of  the  magnitude  of  acceleration  and 
displacement  which  might  be  expected. 

Methods  of  obtaining  continuous  records 
were  considered  next.  The  functions  which 
it  was  possible  to  obtain  by  various  methods 
were  acceleration,  velocity,  and  dis¬ 
placement.  It  seemed  that  velocity  might 
be  the  best  function  to  measure,  as  it 
would  be  possible  by  one  operation  to 
obtain  either  of  the  other  values.  A 
velocity  meter  was  constructed,  consisting 
of  a  search  coil  operating  in  the  annular 


gap  of  a  cylinHrio:!  electromagnet  which 
was  suspended  on  a  spring  system  of  low 
natural  frequency.  The  magnetic  field  in 
the  gap  was  found  to  be  uniform  except  at 
the  extremities.  The  base  of  the  in- 
striai;ent,  which  carried  the  search  coil,  was 
bolted  rigidly  to  the  item  under  test.  On 
being  subjected  to  shock  motion,  the 
search  coil  moved  relative  to  the  spring 
mounted  mass  and,  therefore,  had  a  voltage 
generated  in  it  proportional  to  the  rate  of 
change  of  flux  linkage  which  (iis  the  field 
strength  in  the  gap  was  uniform)  was  pro¬ 
portional  to  the  velocity  of  the  search 
coil  relative  to  the  magnet.  This  could 
reasonably  be  taken  as  the  absolute  motion 
of  tbe  base  over  the  early  part  of  the 
record  before  movement  of  the  magnet  in¬ 
troduced  an  error.  Such  meters  were 
coupled  to  R-C  amplifiers  and  thence  to 
C.R.O. 's  fitted  with  continuous  recording 
film  cameras,  so  that  it  was  possible  to 
obtain  a  velocity/time  curve.  Using  this 
type  of  instrunent,  small-scale  sea  trials 
were  carried  out  in  H. VS.  Ships  EURYALUS, 
LONDON,  VANOC  and  JAVELIN. 

By  this  time  it  had  become  apparent  that 
the  investigation  of  shock  and  vibration 
effects  were  of  extremely  widespread 
Interest  and  in  order  to  study  the  problem 
fully  and  to  avoid  dup.Uct.ion  of  effort, 
the  Admiralty  Shock  Committee,  which 
consisted  of  representativas  of  Admiralty 
design  and  research  departments,  was 
formed.  Part  of  the  tenas  of  reference  of 
this  committee  were  to  control  and  direct 
experiments  necessary  to  investigate  the 
nature  and  severity  of  shock  in  warships 
resulting  from  noncontact  underwater 
explosions.  This  naturally  introduced  the 
question  of  instrumentation  on  a  large 
scale  . 

In  the  CAMERON  Trials  various  types  of 
accelerometers,  displacement  meters, 
velocity  meters,  strain  gauges,  and 
resonance  meters  were  used.  The  troubles 
experienced  in  operating  these  various 
instruments  and  the  resuits  obtained  have 
been  set  out  fully  in  the  CMIERDN  Report  and 
it  is  not  proposed  to  enlarge  further  on 


that  trial  in  this  paper.  Reaults  ob¬ 
tained  tended  to  confirm  the  opinion  that 
velocity  was  the  simplest  function  to 
measure  and  that  displacement  and  accel¬ 
eration  could  be  obtained  from  the  velocity 
records.  From  then  on,  other  existing 
methods  of  continuous  recording  were 
dropped,  and  velocity  meters  came  to  be 
used  almost  exclusively.  It  was  realised 
that  the  instniment  as  it  stood  was  by  no 
means  ideal.  It  weighed  35  lbs,  could  cope 
only  with  maxiraum  diaplacementa  up  to  2 
inches  total,  and  introduced  errors  in  the 
record  (  due  to  movement  of  the  teiamic  mass) 
quite  soon  after  the  start *of  recording. 
On  the  other  hand,  aa  far  as  "shocl^’ 
was  concerned,  the  Important  part  of  the 
record  waa  obtained.  Fur ther<nore,  the 
inysedonce  of  the  Inatrunent  was  low,  and  it 
gave  a  comparatively  large  voltage  output. 
This  made  possible  the  use  of  low  gain 
aDy>llfiers  having  maxlwua  anytli fication  of 
about  200,  srhlch  was  of  great  vclue  in  work 
on  board  ship  where  pickup  effects  were 
liable  to  be  very  troublesome.  Atteny>ts 
were  made  to  develop  the  instrument  in  the 
way  of  weight  reduction  and  increase  in 
measurable  dlaplacement,  but,  owing  to 
staff  shortage  and  the  necessity  for 
keeping  the  se.a  trials  programme  going, 
these  progreaaed  very  alowly  . 

It  was  evident  that  the  method  of  in¬ 
stallation  of  recording  equipment  used  on 
the  CAMERON  (namely,  putting  everything  in 
the  target  vessel)  would  not  be  practical 
in  the  future  trials  envisaged,  and  it  was 
decided  to  obtain  a  snail  vessel  and  to 
fit  it  out  aa  a  floating  laboratory.  The 
ship  selected  for  this  work  was  M  .V. 
ENDSLEIGH  •  a  small  coaating  vessel 
(pictured  in  Figure  1)  of  some  200  tons, 
length  103  feet,  and  beam  23  feet.  The 
original  hold  apace  waa  subdivided  and 
decked  in  to  form  compartments  aa  shown 
in  Figure  2.  The  instrument  room  contained 
all  the  C.R.O's  and  other  recording 
equipment  (see  Figures  3,4,  and  5)  which  were 
mounted  on  a  sprung  bendi. 

A  continuous  processing  machine  for 
35  ram  film  (shown  in  Figure  6)  waa  in- 


Fig,  6  No,  I  Dark  Room,  Processing  Kachine  for  35  mm  Film  (Looi'ing  Aft) 


stalled  in  No.  1  darkroom,  In  addition, 
the  ship  had  a  small  machine  shop  (Figure  7) 
and  a  compartment  knoam  as  the  test  room 
(Figure  8)  where  testing,  repair,  and 
construction  of  electronic  equ'ianent  we-e 
carried  out  . 

For  power  supply,  two  diesel  generators 
were  installed,  a  main  set  of  SO  kw,  220 
volts  D.C.  in  the  generator  room  and  an 
auxiliary  30  kw,  220  volts  D.C.  set  in  the 
main  engine  room.  The  main  A.C.  supply  for 
instruments  was  provided  by  a  14  KVA  motor 
alternator  supplied  from  cither  diesel 
generator.  In  addition,  s  SKVArooto.r 
alternator,  supplied  from  a  110  volt,  ISO 
arr^ere  hour  battery  in  the  battery  room 
was  fitted  to  provide  steady  voltage  supply 
to  the  .amplifier  during  recording. 

As  previously  stated,  the  amplifiers, 
oscillographs,  recording  cameras,  and 
auxiliary  apparatus  were  mounted  on  a 
spring  supported  bench,  12  x  5  feet, 
situated  centrally  in  the  inatrument  room. 


Provision  was  made  for  recording  38  signals 
siirultaneously.  Each  amplifier  is  associated 
with  a  particular  oscillograph  trace  and 
the  inputs  of  all  ampli fiers  are  pen^^anently 
wired  by  means  of  single  core  screened 
cable  to  plug  points  on  the  instrurricnt  room 
control  board.  These  may  be  linked  'ip  as 
desired  by  means  of  flexible  leadr  to 
similar  plug  points  which  are  wired  per¬ 
manently  to  the  instrument  distribution 
board  in  the  battery  room.  This  board 
was  the  point  at  which  connection  with  the 
target  ship  was  arranged. 

The  arranget.')ent  envisaged  'was  that  the 
target  vessel  wovild  be  moored  head  and  stern 
and  that  a  dumb  barge  would  also  be  moored 
in  a  similar  marmer  at  a  safe  distance  and 
in  line  with  the  target.  Iniitruments  were 
mounted  in  the  target  vessel,  leads  being 
taken  to  a  common  terminal  board  sited 
within  the  target  at  some  (X>nvenient  point. 
From  this  board,  connection  was  made  to  the 
laboratory  vessel  by  means  of  suitable  multi¬ 
core,  watertight  cables.  The  multi-core 
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cable*  were  carried  aero**  the  water  on  a 
eerie*  of  float*.  The  latter  were  aecured 
together  by  mean*  of  *teel  wire  rope*  '^ich 
were  arranged  to  prevent  any  strain,  due  to 
rough  weather,  v.oming  upon  the  cables. 
This  arrangement  proved  very  satisfactory, 
although  great  care  had  to  be  taken  to 
avoid  any  rough  edge*  at  which  chafing  of 
the  cable.'i  might  occur. 

It  was  possible  to  ttip  the  cables 
from  the  ENDSLEICH,  if  an  emergency  arose, 
and  to  be  away  from  the  trial*  site  within 
IS  minutes. 

The  staff  required  to  operate  thie 
vessel  consistedof  six  scientific  officers, 
two  laboratory  mechanics,  and  two  labourers, 
together  with  the  ship's  crew  consisting  of 
a  skipper,  two  engineers,  a  mate,  and  trso 
deck.hands. 

The  trials  routine  adopted  was  as 
follows:  Tsre  hours  before  the  time  of 
firing  a  shot,  all  the  bench  equipment  was 
checked  over  to  ensure  thatC.  R.  O.  ' s, 
cameras,  amplifiers,  and  auxiliary  gear 
were  functioning  correctly.  Then  each 
individual  instrument  circuit  was  tested 
for  continuity  and  insulation  resistance  to 
be  sure  that  no  cable  or  other  fault  had 
developed.  Next,  each  instrument  was 
checked  to  ensure  that  it  was  operating. 
Finally,  all  velocity  meter  magnet  currents 
were  accurately  adjusted. 

At  the  same  time,  the  naval  firing 
party  had  been  fitting  the  charge  and  pre¬ 
paring  the^lead  for  remote  electrical 
detonation,  while  the  working  party  were 
checking  Dumping  arrangements,  closing 
watertight  doors,  etc. 

Three  quarters  of  an  hour  before  the 
shot,  the  instrixnent  party  closed  up  in  the 
instrument  room  on  ENDSLEIQl  and  loaded 
film  in  the  cameras,  switched  on  amplifiers, 
C.R.O.’s,  etc.  The  charge  was  lowered  into 
the  water  and  its  firing  cable  connected 
through  to  ENDSLEICH  where  it  was  teoted 
for  continuity  and  insulation  resistance  and 
finally  coupled  to  the  firing  battery 
circuit.  At  the  appropriate  moment,  an 
automatic  firing  switch  was  energized  in 
the  instrument  room.  This  started  the 
cameras,  injected  a  calibrating  signal  into 
the  amplifiers,  and  fired  the  charge. 


This  arrangement  has  be«i  used  with  but 
minor  modifications  in  all  the  trials 
carried  out  since  CAMERCN. 

Trial*  have  been  conpletedona  PAIflHIAN 
Class  submarine  l^^OTEUS,  a  tpecially  built 
centre  sectlonof  an  A  Class  submarine  JOB  9 
the  deatroyer  AMBUSCADE,  and  the  cruiter 
EMERALD.  The  moat  novel  of  these  trials 
were  those  carried  out  cn  JOT  9,  aa  this 
target  was  submerged  for  most  shots.  In 
order  that  connections  could  be  made  to  the 
target,  a  float  was  introduced  at  the  end 
of  the  buoyant  cable  line  and  a  large  bight 
of  cable  (about  200  feet  long)  was  left 
between  this  float  and  JOB  9.  The  cables 
were  led  into  the  pressure  hull  through 
special  submarine  cable  glands.  Throughout 
these  trials  velocity  metersof  the  original 
type  have  been  the  main  means  of  instru- 
mentat ion. 

The  reliability  of  recording*  has 
improverl  progreatively,  and  it  is  estimated 
that  more  than  90  percent  of  the  4000 
records  taken  have  been  suitable  for 
analysis. 

In  addition,  certain  maximum  recording 
instruments,  such  as  relative  displacement 
indicators  and  copper  crusher  accelerometer 
units,  both  of  wl;ich  have  been  fully  des¬ 
cribed  in  the  CAMERON  Report,  were  used. 

Certain  other  methods  of  recording  have 
been  devised  and  tested  in  trials  subsequent 
to  CAMEROT.  On  PROTEUS  an  attempt  was 
made  to  measure  whipping  of  the  ship  by 
means  of  an  instrument  which  was  called 
the  low- frequency  shock  meter.  The  require¬ 
ment  from  this  instrument  was  that  it  should 
measure  lew  frequency  motion  of  the  order 
of  2  cycl'ss  per  second  but  having  large 
displacements.  The  instrument  consisted 
essentially  of  a  transformer  of  vsfiable 
coupling  (Figure  9).  The  secondary  coil 
embraces  a  core  which  is  common  to  two 
magnetic  circuits  and  movable  in  an  air  gap 
with  respect  to  them.  This  arrangement 
was  ofiployed  for  the  reasons  that  it  allows 
a  convenient  sensitivity  adjustment  and 
that  it  reduces  the  unbalanced  varying 
magnetic  forces  to  a  second  order  of  magni- 
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tude  (Figure  10).  The  natural  frequency 
of  the  Inatrument  was  approximately  60 
cycles  per  second  and  it  was  subjected  to 
slight  oil  dnnping  . 

The  transformer  primaries  were  fed  with 
a  3000-cycle  per  second  3-volt  supply.. 
The  instrument  liad  a  linear  response  for 
acceiarations  up  to  2  g.  The  output  of  the 

Instrument  was  set  so  that  the  band  width 
was  reduced  to  zero  by  the  application  of 
an  acceleration  of  2  g  .  This  acceleration 
fat  easily  obtained  simply  by  inverting  the 
whole  instrument.  A  record  is  shewn  in 
Figure  11,  the  variation  in  width  of  the 
3000-cycle,  band  being  proportional  to 
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acceleration.  Double  Integration  waa 
carried  out  by  hand  to  produce  displacement. 

This  Instrument  showed  considerable 
promise  but,  In  a  re*allocatlon  of  work, 
whip  measurement  was  moved  out  of  our 
province  and,  owing  to  the  pressure  of 
other  work,  further  development  was 
dropped. 

Another  Instrument  which  was  mentioned 
briefly  in  CAMERON  Report  «nd  on  which 
further  experimental  work  was  carried  out 
In  succeeding  trials  was  the  high* frequency 
velocity  meter.  This  operated  on  the  same 
electromegnc tic  principle  as  the  standard 
velocity  meter,  but,  instead  of  making 
the  natural  frequency  of  the  sprung  system 
as  low  as  {''osslble.  It  was  decided  to 
mount  on  a  comparatively  stiff  sprung 
system  (say,  50  or  100  cycles  per  second), 
accept  the  error  thus  caused  and  try  to 
correct  for  it  electronically  the  theory 
being  given  in  the  appendix. 

It  appears  that  by  taking  the  output 
from  such  a  meter  and  adding  to  it  certain 
proportions  of  its  own  single  and  double 
integrals,  the  absolute  motion  of  the  base 
could  be  obtained. 


Attention  was  then  turned  to  examining 
the  possibilities  of  producing  electronic 
means  of  adding  the  requisite  proportions 
of  the  output  signal. 

The  first  amplifying  mixers  developed 
made  provision  for  the  addition  of  both 
single  end  double  integral  proportions,  but 
it  was  found  that  damping  was  low  enough 
to  allow  the  first  Integral  term  to  be 
neglected,  Within  the  limlta  of  this 
assumption  the  ratio  of  output  to  input 
voltage  of  the  correcting  network  as  a 
function  of  frequency  is  proportional  to 
I  Thia  quantity  is  plotted  in  Figure 

12." 

Various  methods  of  i;t':egratlon  were 
attempted  but  without  complete  succeaa. 

The  output  obtained  from  the  meter  wai 
very  much  amaller  than  that  from  the 
standard  velocity  meter,  owing  to  the 
stiffness  of  the  springs  which  resulted  In 
very  limited  relative  movement  betwein 
magnet  and  search  coil.  In  consAciuence 
high  anqril fication  became  necessary.  This 
brought  in  its  train  ail  the  usual  troubles 
of  stray  pickup,  valve  noise,  and  vibration 
effects  which  are  very  much  more  difficult 


to  eliminate  on  board  ship  than  under 
shore  laboratory  conditions.  In  addition; 
it  was  necessary  that  the  device  should 
have  both  a  frequency  response  approximating 
that  which  has  already  been  discuaaed  and 
good  transient  responae.  Xn  the  methods 
shich  were  tried,  one  or  the  other  could  be 
obtained  but  not  both.  Consequently,  it  was 
felt  that  further  investigation  on  the 
laboratory  ship  would  not  prove  fruitful, 
and  the  question  of  electronic  correction 
has  been  dropped  temporarily  until  such  time 
as  it  can  be  investigated  in  sane  shore 
laboratory. 

Theoretically,  it  slvr.uld  be  possible  to 
analyse  and  correct  records  obtained  from 
the  H.F.V.M.,  but  this  ivivo Ives  obtainingthe 
constants  for  each  individual  meter  and 
carrying  out  a  tedious  and  1  engthy  grk4>hical 
reconstruction.  In  practice,  tt'i’.re  one 
requires  to  know  the  results  of  o'ie  shot 
before  carrying  on  with  the  next  and 
where  a  Irrge  number  of  meters  would  be  in 
use,  it  is  not  feasible. 

It  is  possible  that;  having  obtained  the 
uncorrected  record  andknowing  the  constants 
of  a  meter,  it  might  be  feasible  to  obtain 
the  true  answer  quickly  by  acme  mechanical 
means.  This  is  being  investigated. 


Yet  another  problem  which  arose  was  the 
question  of  mensuring  the  motion  of  the 
shell  plating.  It  was  not  possible  to 
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mount  a  standard  velocity  meter  in  the 
ordinary  way,  as  the  weight  of  the  Instrument 
would,  have  materially  affected  the  motion  of 
pia'te  .  The  method  used  simply  to  remove 
thv  search  coil  from  a  meter  and  mount  it 
on  the  plate.  The  magnet  was  reversed  in 
the  meter  body  and  jtho  body  attached  to  a 
robust  channel  iron  framework  which  was 
rigidly  attached  between  the  two  frames 
which  bounded  the  plate  tmder  investigation. 
Adjustment  was  provided  so  that  the  search 
coil  could  be  centered  in  the  magnet  gap. 
Thu/t  the  load  on  the  plate  was  reduced  to  a 
matter  of  a  few  ounces  instead  of  the  full 
35  pounds  of  the  whole  meter.  This  device 

worked  quite  satisfactorily,  although  great 
care  had  to  be  taken  in  centering  the 

search  coil  in  the  magnet.  There  was 
considerable  wastage  in  search  coil 
formers,  ss  damage  was  caused  when  they 
were  tilted  (due  to  the  directions  of 
motion  of  the  plate)  instead  of  moving 
axially  in  the  magnet  gap.. 

The  question  now  arises  of  the  future 
developments  expected  in  Instrument 
technique.  It  is  considered  that  the 
magnetic  principle  of  the  velocity  meter 
is  still  the  most  reliable  method  of 
re'^rding  in  quantity. 

The  instrument  as  it  stands  has  the 
following  disadvantages:  It  is  too 
heavy,  records  faithfuilly  for  too  small 
a  displacement  for  a  number  of  cases,  is 
subject  to  spring  error,  end  requires  a 
supply  to  energize  the  magnet.  In  the  near 
future  and  without  interfering  with  trials 
progress,  it  is  hoped  to  redesign  the  meter 
to  remedy  some  rather  obvious  crudities  in 
the  design. 

The  framework  ?f  the  meter  will  be 
made  in  some  of  the  light  alloys  vdiich  are 
now  available.  This  should  brinf,  consider* 
able  weight  savins  and  thereby  permit 
designing  for  a  larger  displacement  without 
any  weight  increase.  The  electromagnet,  it 
is  hoped,  can  be  replaced  by  a  permanent 
magnet  in  one  of  the  modern  magnetic 
nutterials  (“^Ticonar'  or ‘‘Alnicd’ )  which  will 
retain  their  magnetism  even  when  subjected 
to  repeated  shocks.  This  would  simplify 


contidr rably  the  operation  of  nurabera  of 
nieters.  If  at  all  possible,  the  natural 
frequency  of  the  icagnet  or>  its  susps^tsion 
will  be  reduced, but  it  is  not  considered 
that  much  iraprovenent  can  be  expected  in 
this  direction. 

Finally.  I  ^?ill  say  a  few  words  about 
a  new  method  of  recording  which  is.  as  yet 
in  its  embryo  stages  and  is  completely  un¬ 
tried.  As  far  as  is  known,  the  principle 
has  not  been  used  before. 

Tlie  main  conponents  of  the  circuit  will 
be  a  square  wave  generating  circuit  followed 
by  a  simple  integratifis  device.  The 
recording  head  will  c&nsist  of  a  lightly 
suspended  mass  which  is  constrained  to  move 
between  two  spring  contacts.  Tlie  purpose 
of  the  contacts  is  two-fold^  To  provide  a 
bias  which  will  trigger  the  square  wave 
generator  and  to  give  a  pulse  of  energy  to 
the  moving  mass  to  send  it  towards  the 
opposite  contact,  where  a  sinilar  cycle 
will  take  place.  In  tlie  unc'is"urbed  state. 


adjustment  will  be  made  so  that  the  time 
intervals  are  equal  in  each  direction.  Thus 
a  uniform  tquare  wave  will  be  produced. 

Thia.  on  being  integrated,  will  give  a 
triangular  wove.  If  the  base  of  the 
instrument  is  attached  to  an  object  which 
is  given  a  shock  motion,  the  time  taken 
for  the  mssa  to  move  between  contacts  will 
by  modified  by  the  motion  of  the  base,  and 
successive  half  cycles  of  the  square  wave 
will  not  be  equal.  Thus,  instead  of  the 
integrated  wave  returning  to  zero  at 
each  cycle,  it  will  be  displaced  and  a 
trace,  consisting  of  a  series  of  trisngular 
steps,  will  be  produced. 

The  important  factor  appears  to  be 
that  the  time  interval  for  undisturbed 
motion  should  be  reasonably  large  compared 
with  the  time  changes  expr-cted  from  the 
motion.  The  advantage  appears  to  be 
accuracy  of  recording,  irrespective  of  the 
diepiacement  imposed.  Little  more  can  be 
said  about  this  item  at  present. 


DISCUSSION 


D.  E.  Wmm,  UOL:  I  would  like  to  ask 
what  theperiodical  iitpulse  or  carrier  frequency 
’oscillation  for  the  new  recording  head  for  the 
square  wave  instrument  is  supposed  to  be. 

J.  PAUSEV,  R.N.S.S:  That  will  der»end 
upon  what  is  to  be  measured.  If  you  want  to 
measure  whipping,  you  will  be  able  to  use 
very  low  frecjuency.  If  the  measurement  is 
going  to  be  shock  motion,  it  may  not  be  pos¬ 
sible  to  use  the  instrument,  as  e  much 
higher  carrier  frequency  will  be  necessary. 
At  present,  this  work  is  in  the  eirforyo  stage. 

J.  P.  WALSH,  NRL:  What  has  been  your 
experience  with  wire  strain  gages  on  shipboard 
trials? 


J.  PAUSED:  From  iry  owr,  experience,  it  w.:s 
very  difficult  to  use  these  gages  on  target 
ships.  We  have  found  that  we  could  get  them 
to  work  ir<  the  laboratory  but  could  not  use 
them  on  the  ships.  It  is  a  problem  to  make 
them  adhere  to  the  plate.  In  addition,  it  is 
not  easy  to  tell  when  they  are  properly 
attached.  We  found  that  they  break  down 
very  easily  under  ship  trial  conditions  and 
that  the  output  from  the  strain  gages  is 
comparatively  low.  It  is  difficult  to  get 
reproducible  results. 

D.  E.  WEISS.  NMSC:  I  wonder  if  Mr.  Pausey 
could  amplify  on  the  pref«;rence  for  the 
velocity  type  of  pickup  rather  than  the 
accelerometer  or  displacement  type? 


J.  ?AUSEY:  Wc  fouid  th»t.  in  the  first 
pleC'e,  if  you  consider  displacement  and 
acceleration  in  ships,  you  taust  wtrV  over 
(?jite  wide  ranges.  Displaccaents  n?ay  vary 
from  .001  inch  up  to  several  inches. 
Accelerations  nay  range  (in  the  case  of 
wliipping)  froo  2  or  3  g  to  several  hundred 
g,  and  it  is  difficult  to  get  these  two 
ends  of  the  scale  on  one  record.  With 
velocity,  you  are  working  in  a  snaller 
rmge.  The  low  end  »jay  be  down  to  1  foot 
per  second,  but  you  seldos  get  store  than 
20  feet  per  second.  It  is  possible  to 
get  all  the  veloci ty- time  curve  on  one 
record  without  the  low-or  high- fretjuency 
coisponents  being  lost.  We  do  find  that 
from  velocity  records  we  can  obtain 
acceleration  from  the  initial  slope  of 
the  curve,  which  is  the  ir^ortant  accele¬ 
ration  as  regards  shock.  There  is  the 
danger,  in  using  an  accelerometer,  that 
it  sseasures  the  higher  frequenr.y  vibrations 
associated  with  a  very  sssall  displacement, 
which  is  not  particularly  Important 
from  our  shock  record  point  of  view. 

H.  L-  HT=K0CH,  BuShlps:  In  a  recent 
copy  of  M  report  on  the  thirty-ninth 
meeting  of  the  .Adilralty  Siock  Cuawittee, 

I  read  that  you  ar  ■  naking  meastreaents 
on  masts.  A  statem.  "t  was  made  about 
using  accelerometers  for  that  purpose. 
The  matter  was  under  consideration  at 
that  time.  Have  any  instruments  been 
worked  on  for  making  the  meesursments? 

J.  PAUSEY:  I  don*  t  remenber  the  report. 

J.  E.  SHAW,  R.N. S.S:  For  some  future 
trials,  we  are  planning  to  make  measure¬ 
ments  on  motions  of  masts.  I  believe  there 
were  statements  in  there  about  considering 
the  use  of  accelerometers  for  the  measure¬ 
ments,  but  the  matter  was  not  completely 
looked  into  at  that  time. 

M.  L.  HEhXXll:  Additional  consideration 
.is  to  be  given  the  matter,  then,  and 
definite  instrumentations  worked  out? 


J.  E.  SHAW:  No  definite  instru¬ 
mentation  hat  yet  been  decided  upon.  The 
point  you  read  was  in  connection  with 
mastea  on  deck  or  on  the  masts,  which  were 
to  simulate  radar  gear.  There  you  get 
an  excursion  in  space  of  several  inches, 
and  the  ordinary  type  of  velocity  meter 
would  not  cope  with  that,  as  it  bottoms 
after  a  matter  of  a  few  inches.  Con¬ 
sideration  is  being  given  to  different 
aethc'ds  of  recording.  At  the  time, 
accelercofeters  were  the  only  answer,  but 
so  far  we  have  not  decided  what  we  will 
u  •te 

J.  PAUSED:  That  particular  trial  has 
not  started  yet.  It  is  still  in  the 
planning  stages. 

I.  VIGNESS,  NPX:  In  using  multi- 
ccnAjctor  cables  to  carry  signals  from  the 
test  ship  to  the  laboratory  ship,  do  you 
have  any  croas-talk  or  Interference  be¬ 
tween  channels  for  either  low-impedance 
sources  or  hi gh- impedance  sources? 

J.  PAUSEY:  We  have  not  used  wire  strain 
gages  except  with  individual  cables. 

J  .  T.,  UUULER,  BTL:  How  long  does  the 
velocity  pulse  last?  How  lung  before  it 
comes  back  to  zero? 

J.  PAUSEY:  You  can  record  the  velocity 
over  a  period  of  seconds,  but  the  important 
initial  effect  probably  takes  place  well 
within  20  milliseccnds. 

J.  T.  MULLER:  How  does  it  return-- 
sharply  or  slowly? 

J.  PAUSEY:  Generally  speaking,  there 
are  two  forms  of  shock  waves.  One  of  then 
approximates  a  cosine  curve  with  a  sharp 
rise  and  then  a  damped  wave  returning  to 
zero.  It  Is  difficult  to  say  when  it  does 
return  to  zero,  because  there  is  motion 
of  the  triMss  in  the  velocity  meter  due  to 
its  own  springs.  For  the  purposes  of 
shock,  it  is  that  initial  part  of  the 
record  which  Is  the  important  part. 


VELOCITY 


J.  T.  UULLER:  Can  you  give  aotae 
idaa  of  the  length  of  tisa  it  taVea  to 
reach  the  aaxiaua  velocity? 

J.  PAUSED:  It  variea.  on  different 
parts  of  the  ship,  froo  2  to  3  ailliseconds 
up  to  about  10  isi  111  seconds  and.  In  aos-je 
exceptional  cases.  20  ailliseconds. 

J.  E.  SH.W:  As  1  understand  it,  you 
«ant  to  know  hov  quickly  these  excitations 
are  dasped  out  in  different  parts  of  the 
shock.  The  gri^h  (Figure  13)  represents 
velocity  against  tleie.  Oh  the  hull  or  shell 
plating  disturbances  are  daaped  out  after 
a  very  few  cycles.  There  is  a  very  rapid 
rise  (soaetlaes  under  1  Billisecond) 
followed  by  a  nore  or  less  daaped  oscilla* 
tion.  mien  dealing  with  the  itea  of 
aachinery  on  the  hull,  as  Mr.  Pausey 
tsantiened  we  got  a  curve  rascKbling  a  dseped 
sine  wave,  the  tiae  of  rise  being  anything 
between  2  Billiseconds  and  about  7  or  8 
ailliseconds  depending  upon  a  number  of 
factors  such  as  how  the  aachinery  was 
nounted.  thickness  of  plating,  etc.  Then, 
going  on  to  the  bulkheads,  the  rise  was 
still  slower  until,  when  working  with  the 
decks,  one  can  get  anything  up  to  about 
20  ailliseconds  before  reaching  aaxlaua 


value  of  velocity.  The  characteristics  on 
the  aachinery,  the  bulkheads,  and  on  the 
<iacks  are  generally  damped  out  after 
about  10  to  20  eyelet. 

S.  ?.  TBCHPSCN,  NBI,:  Seferring  to  the 
errors  engendered  by  asking  the  resonant 
frequency  of  a  seisalc  instrument  higher 
than  is  usual,  it  would  seea  that,  since  a 
eechanical  systsa  of  thet  type  is  analogous 
to  a  timed  circuit,  it  should  be  possible 
io  take  a  circuit  and,  by  suitably  arrwiging 
its  parwaeters  (including  those  deterainlng 
deeding) ,  to  use  it  as  a  calculating  aadiine 
to  straighten  out  both  the  wrplitudes  and 
the  phases  of  the  velocity  aster  record. 
Have  theBritish  considered  this  proposition 
at  all? 

J.  P/itSEY:  We  have  considered  aethode 
of  correction  by  electrical  and  aiechanical 
Beans,  but  we  haven't  arrived  at  the  answer 
we  want  yet . 

D.  C.  KBCiASD,  AUO:  You  aentioned  that 
you  use  cathede-ray  recorders  in  measuring 
shock.  Have  you  tried  the  aagnetic 
galvanoeeter  recorder? 

J.  PAUSEY:  No.  We  have  stuck  solely 
to  cathode-ray  oscillographs. 


Figure  13 


APPEUDIX 


Let  S  =  position  of  the  seter  housinj 
position  of  supported  aass  (a) 
k  °  constant  of  the  spring 
a  s  viscous  constant  of  systeis 
e  »  output  yoltsge  of  the  oeter 

.The  equation  of  notion  is  given  by 
the  relation 

n:Xj«  k(S  -  Xj)  ♦  a(S  -  X^),  or 
*  Xj)  *  -  Xl> 

The  voltage  generated  in  the  coi!  is  given  by 
e  =  K(S  -  Xj) 

'T'ite  K  is  a  proportionality  constmt. 

The  variable  X,  can  be  elininated  between 

A 

equations  (1)  and  (2)  giving. 

S  **]^e  +  2ce  ♦  f  e  dt) 


(1) 


(2) 


(3) 


where  c  is  the  dacnplng  factor  and  is  the 
undanped  resonsnt  frequency  of  the  system  when 
the  case  is  still . 


If  equation  (3)  is  integrated  once,  it  follows 
that  ^ 

S’-^e  +  2c/  edt*  /  j"  «  <it) 


(4) 
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Thus,  a  voltsf#  c*  squai  to  tha  abaoluta 
valocity  of  tha  instrtaaant  can  ba  obtainad, 
provldad 

»•  *  2c  /  •  dt  ♦  /  /  a  dt)  (5) 

idwra  K*  is  ntaiarically  equal  to  K. 

Obviously,  a*  can  ba  tanaratad  by  conblninf 
tha  obaanrcd  voltaga  a  with  tha  proper  pro* 

portions  of  its  first  and  sacond  intatral. 

If  e  is  vary  aMll.  this  tana  can  ba 
naglactad.  If  a  stcady*stata  notion 
exists,  then  e  ■  sin  (ut  *  d)  and  the 

output  voltage  of  the  correcting  nataorks 

is 

E 

a’  “— **  sin  (cat  ♦  d)  (1  •  ^).  (6) 

E  a 


a  a  a 


SIMILASITIKi  ^*^D  DIFFERENCES  IN  IKSTRU3iENTATI0N 
FOR  ORKiANCE  FIELD  TESTS 
By 

D.  B,  tsrlome,  KCL 


I  have  been  aiked  to  ccapare  the  in- 
struaentation  ef  or<kiance  field  trials  with 
the  iristneentation  of  ship  dauge  trials, 
such  as  Hr.  Pausey  has  described. 

First,  as  to  the  a ioi lari  ties:  Our 
inteiest  in  the  effects  of  e:^losions  on 
ships  has  been  entirely  an  interest  in 
ecoflooiy.  To  the  ordnance  engineer  a  ship 
is  si<9ply  one  class  of  target,  and  all 
te:gets  are  objects  to  be  destroyed  with 
the  tasximm  economy  of  explosives.  Ife 
have  been  largely  content,  therefore,  to 
obt'dr  “ha  advice  of  our  ship  clesieters  at 
to  the  respnn/<e  of  ship  structures  to 
impulsire  explosive  los<is  and  have 
limited  our  participation  in  ship  damage 
trials  to  studies  of  the  phenomena  asso¬ 
ciated  with  the  explosion  in  water  *nd, 
in  particular,  to  tit  modifications  to  the 
theory  whl-ch  would  be  required  to  account 
for  the  discontinuity  in  the  fluid  meditso 
presented  by  the  presence  of  an  air-backed 
hull.  In  order  to  obtain  field  data  on 
this  and  other  points,  we  have  obtained  an 
ex-patrol  craft  (the  EPCS  1413)  and  heve 
specinlly  equippec'  her  for  the  securate 
measurement  o  f  pressure- time  data  from 
large  underwater  explosions  in  the  open 
sea.  Figure  1  shows  the  1413  tied  to  her 
dock  St  the  Naval  Gun  Factory.  She  serves 
as  a  floating  recording  station  very  com¬ 
parable  to  the  BBLEIGH  described  by  Hr. 


Pausey.  Figure  2  shows  her  recording  room 
with  six  oscillogrs^ic  recording  stations 
equipped  with  high-speed,  rotating-drum 
caaerat.  You  cd  see  that  except  for 
slight  differences  in  design,  the  1413  and 
and  the  BISLEIGH  serve  almost  identical 
purposes. 

How,  as  to  the  differences  in  instru¬ 
mentation:  Host  ordnance  field  trials 
require  inatrusents  and  techniques  irfiich 
differ  quite  radical ly  from  those  Just 
described.  I  have  iaenti;;ned  In  a  previous 
paper  (published  in  Shock  and  Vibration 
Bulletin  No.  5)  that  ordnance  shock  probiecas 
are  diaracterized  by  the  long  duration  of 
the  shock,  and  I  indicated  at  that  time 
thet  these  shocks  mu;:!  be  endured  for 
distances  of  5  to  100  feet.  This  char¬ 
acteristic  of  ordnance  shocks  renders  the 
use  of  velocity  meters  quite  impractical, 
and  we  have  concentrated,  therefore,  upon 
the  development  of  accelerometers  based 
upon  the  measurement  of  either  the  elastic 
or  plastic  strain  of  some  portion  of  the 
vehicle  being  tested.  In  most  cases,  of 
course,  it  has  been  most  convenient  to 
build  a  special  strain  Indicating  instru¬ 
ment  for  use  in  Vhe  vehicle.  At  virioua 
times,  we  have  exploited  the  innumerable 
forms  of  crusher  gages,  and  we  have  used 
piesoelectric,  resistance  wire,  and 
capacitance  gages  as  well--the  choice  be- 
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Fit.  1 


Fit-  3  Recordirt  Room 


l*een  theta  usually  being  dictated  by  the 
requ'retnent  of  tfie  transmiasion  end^or  the 
recording  syatem. 

In  all  such  measu-ementM.  it  has  been 
found  necessary -to  study  the  theoretical 
aspects  of  the  njefcsureir.ents  very  carefully, 
for  an  itrproper  choice  of  the  accelerometer 
for  a  particular  measurement  can  render  the 
experiment  wrthless.  In  particular, 
accelerometer  measurem'-'ots  are  susceptible 
to  variations  in  calibration  techniques, 
and  we  have  expsvded  great  care  in  the 
checkins  of  one  accelerometer  against 
another  i;:  order  to  clim.'nate,  as  much  ns 
possible,  the  various  sources  of  error. 

Figure  3  show«  six  type*  of  accelerometer 
principles  which  ore  based  on  either  the 
plastic  or  elastic  deformation  of  a 
recording  element  These  devices  are 
limited  to  recording  peak  accelerations 
ard,  even  then,  must  be  very  carefully 
used  In  order  to  obtain  reliable  indication. 
Figure  4  shows  four  accelerometers  nlso 
briied  upon  the  elastic  deformation  of  the 
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Fii,  3  AcceI»roai»ter  Priticiplaa  (Peak 
Sacording  Types) 

indicating  element,  but  efiich,  by  re¬ 
cording  the  vcfiation  of  strain  with  time, 
give  a  contiiuous  recording  of  acceleration, 

it  mutt  be  recognised,  however,  that 
the  problmof  recording  of  data  in  ordnance 
field  trials  is,  at  times,  a  very  difficult 
one.  For  those  measurements  in  which  we 
find  it  possible  to  meintrin  a  cable 
connection  with  the  vehicle  being  tested, 
we  have  developed  lightweight,  compact, 
versatile  equipment  in  the  form  of  a  six- 
trace  cathode-ray  oscillograph  which  is  of 
sufficiently  small  bulk  that  it  can  be 
handled  in  the  field  by  two  men.  Figure  S 
shows  a  schematic  outline  of  the  relatio.i 
of  the  various  parts  within  the  oscillo¬ 
graph,  and  Figure  6  shows  a  somewhat 
exploded  view  of  one  of  the  early  models. 
It  will  be  seen  that  this  instrument  is 
ideally  suited  to  the  recording  of  phenomena 
which  vary  with  time  in  field  trials. 
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Fig,  4  Accelerometer  Principles  (Cont inovs 
Recording  Types) 
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Fig,  6  Early  Bode!  Oscillograph 


However,  in  many  of  our  meaturementa, 
«e  are  unable  to  maintain  a  cable  connection 
to  the  v^cle.  To  provide  for  aui^  catea, 
we  have  developed  a  line  of  oorapact,  aelf- 
contained,  internal  recordera  which  are 
mounted  inaide  the  vehicle  and  which 
muat  be  deaigned  to  record  the  electrical 
impulse  from  the  detection  instrument 
faithh'lly,  even  though  the  recorder  ittslf 
is  undergoing  the  abodes.  This  is  of  course, 
n  problem  whidi  is  never  completely  solved, 
and  the  balance  between  signal  and  noise  is 
always  a  delicate  one. 

Typical  of  these  Instruments  is  one 
showTi  in  Figure  7.  This  is  a  cellulose- 
tape  recording  accelerometer  in  which 
the  acceleration- time  curve  is  engraved 
upon  a  cellulose  tape  by  a  cantilevered 
mass  and  acribe.  This  instrument  is 
somewhat  insensitive  and  of  fairly  low 
frequency  response,  but  it  has  been 
developed  to  the  point  where  the  spring- 
driven  drum  will  maintain  a  continuous 
speed  throughout  the  acceleration  period; 
hence,  the  device  as  a  whole  is  capable  of 
giving  usable  t-ecords  for  many  applications. 


Next,  we  have  Figure  8,  which  shows 
the  cofi^lete  assembly  of  a  three  channel 
oacillographic  recorder.  It  is  designei 
to  be  self-contained,  so  that  the  entire 
unit  can  be  placed  In  a  mine  case  or 
boob  for  the  purpose  of  measuring  accelera¬ 
tions  on  impact  with  the  water  surface. 
There  are  three  crystal  accelerometer 
elements  which  feed  a  si?ial  to  an  oscillo¬ 
graphic  camera,  the  whole  being  powered 
from  the  battery  box. 

Figure  9  shows  a  schematic  diagram  of 
the  recording  camera  of  the  previous  set-pp. 
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Fig,  7  NCL  3-Directlonal  Tape  Recording 
Accolerometer 
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Fig.  9  Schanmtlc  Diagram  of  P.»cording  Accaiaromator 


Fig.  10  Preliminary  Telemetering  Equipment 
for  Measuring  Parachute 

It  will  bp  «pen  th*t  the  optical  distances 
are  largely  obtained  from  mirrors  and 
that  the  cathode- ray  tube,  aa  mounted, 
must  take  the  full  strength  of  the 
acceleration  without  causing  deviations 
in  the  cathode- ray  beam.  This  has  been 
accomplished  with  a  fair  degree  of  success. 
The  cathode- ray  tubes  have  been  specially 
strengthened  with  added  internal  elements 
and,  as  a  whole,  the  device  is  capable 
of  recording  an  acceleration- time  pattern 
without  serious  noise  levels  at  accele¬ 
rations  below  about  300  g. 

In  spite  of  the  success  with  which 
internal  recorders  have  been  used,  the 
Laboratory  is  not  completely  satisfied  with 
this  approach,  and  in  many  cases,  since 
these  instruments  and  recorders  are  not 
adequate  to  the  situation,  we  make  use  of 
one  other  very  powerful  tool.  The  com¬ 
bination  of  detecting  instruments  in  the 
vehicle,  data  transmission  by  tele¬ 
metering  techniques,  and  recording  at  a 
groLT.d  station  has  solved  so  many  of  our 


difficulties  in  recent  months  that  we  are 
leoning  more  and  more  heavily  upon  it. 

A  fairly  recent  exstq^lewas  the  measure¬ 
ment  of  the  opening  load  in  paradiutes  when 
launched  from  aircraft  at  high  speed. 
Figure  10  shosrs  the  rear  end  of  a  mine  case 
with  its  telemetering  equipment  installed 
and  the  antenna  encircling  the  instrument 
compartment,  wnile  Figure  11  shows  sensitive 
elements  mounted  in  each  of  the  shroud 
lines  of  the  parachute  just  before  it 
is  packed  into  its  case.  Upon  opening, 
these  eleesents  respond  to  the  strain  in  the 
parachute  shroud  lines,  and  the  data  are 
transmitted  by  a  frequency-modulated 
telemetering  system  to  a  recording  station 
on  the  ground  where  the  signal  is  de¬ 
modulated  and  recorded. 

Those  of  you  who  have  used  telemetering 
methods  will  readily  recognize  the  great  ad¬ 
vantages  that  can  be  obtained  in  the 
instrumentation  of  field  trials  by  the  use 
of  these  techniques  .  Let  me  now  point 
out  a  new  field  of  usefulness  which  we 
have  successfully  e>q>loited  in  recent 
months.  ffe  are  now  using  telemetering 
techniques  in  the  field  in  trials  of 
underwater  ordnance.  During  the  conduct 
of  recent  tests  at  Hiwassee  Dam,  a  fresh¬ 
water  lake  in  the  Tennessee  Valley,  we  have 
telemetered  data  from  an  antisubmarine 
weapon  and  have  observed  the  time  sequence 
of  i/vtuts  during  the  passage  of  the  weapon 
from  air  into  water  ..nd  into  the  proximity 
of  its  intended  target.  There  is  every 
reason  to  believe,  at  the  present  time, 
that  our  dependence  on  the  vagaries  of 
internal  recorders  is  reaching  an  end. 

Figure  12  is  a  reproduction  of  one  of  the 
traces  from  this  underwater  telemetering 
equipment.  You  will  notice  the  various 
stages  of  behavior  of  the  weapon  from 
launching  to  impact  with  the  recovery  net, 
and  for  comparison  purposes,  there  is 
presented  an  oscillograph  trace  showing 
the  slgnel  output  of  the  detection  device 
during  each  of  those  stages. 

To  summarize:  Where  the  ordnance 
engineer  cm  maintain  cable  connections 


wiih  the  device  being  tested,  the 
techniques  used  are  quite  similar  to 
those  of  ship  dtmage  trials.  The  major 
difference  lies  in  our  requirement  for 
accelerometers  rather  then  for  velocity 
meters,  and  this,  in  turn,  in  enforced  by 
the  lens  duratioii  shocks  encountered  by 
ordnance  ai.d  by  the  small  space  in  !«hjch 
recording  instruments  can  be  placed. 

However,  when  cable  contact  with 
the  vehicle  cannot  be  maintained,  we 
have  in  the  past  depended  heavily  upon 
the  use  of  internal  recorders  and  nave 
expended  substantial  effort  in  thei  r  develop¬ 
ment .  At  the  present  time  our  sephasis  is 
shifting  rapidly  to  the  use  of  telemetering 
methods.  These  have  already  proved 
practical  and  useful  for  trials  of  air¬ 
borne  we..pons  and  recent  developments 
indicate  that  equal  success  may  be  ob¬ 
tained  for  underwater  trials  as  well. 


FJg.  11  Elamenta  Mounted  in  Farachuta 
Shroud  LJno'j 


DISCUSSION 


J,  PAVSEY,  R.N.S.Si  I  «n  Interested  in 
the  possibilities  of  telemetering  and  feel 
that  we  may  have  to  use  something  of  the 
same  technique  in  some  of  our  trials.  I 
think  it  will  become  necessary.  Tlie 
c^iestion  of  self-recording  instrisnents  also 
Is  of  great  interest  to  me.  I  would  like 
to  ask  Mr.  Marlowe  one  question  about  the 
instrument  which  used  the  crystal  pile. 
Do  you  get  sufficient  output  frs*..  that 
accelerometer  direct? 

I).  E.  MASamS,  NX:  Yes,  the  output  of 
the  crystal  was  applied  directly  to  the 
plates  of  the  C.R.O.  There  was  no  inter¬ 
mediate  Mspllficatlon. 

J.  PAUSEY:  It  must  have  been  quite  a 
large  output. 


0.  £.  MARLOWE:  It  was  j  fair- sired 
crystal  stack.  The  overall  sire  of  the 
instrument  was  almost  two  Inches  on  a 
side. 

J,  PAUSEY:  Mr. .  Marlowe,  would  you  say 
you  are  doing  any  work  on  telemetering  in 
salt  wates? 

D.  E.  MASUME:  I  thought  I  had  slipped 
by  that  point  fast  enough  so  no  one  would 
notice  ii.  In  due  honesty,  I  felt  it  was 
necessary  to  mention  the  fact  that  we 
were  working  in  a  fresh  water  lake.  Atten¬ 
uation  in  salt  water  is  up  by  a  factor  of 
300.  We  are  seriously  considering  the 
possibility  that,  for  the  ranges  that  arc 
necessary  for  thst  sort  of  work,  tele- 
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att*ring  in  tslt  r/atsr  may  b*  possible. 
There  2re  two  possibilities.  One  is  to 
increase  by  this  factor  of  300,  or  more, 
the  power  output  of  these  sufaministure  tube 
circuits  (there  have  be«)  some  signs  that 
this  may  be  done).  The  other  it  that  we 
have  a  dim  .idea  (for  thich,  unfortunately, 
Ifaxwelt’a  equations  don't  offer  too  such 
hope)  that  we  can  best  the  gsiae  by  the  use 
of  pulse  or  pulse  coded  techniques.  Whether 
the  increase  of  energy  that  we  can  put 

into  the  water  by  pulsing  will  be  suffi¬ 
cient  to  take  care  of  the  fact  that  the 
pulse  is  of  higher  frequency  than  the 


basic  signal,  we  don't  know,  but  perh^s 
by  use  of  pulse  coded  techniques,  we  can 
make  some  pr.,gress  in  that  direction. 

E.  KLEIN.  NRL:  Was  the  depth  of  the 
water  a  factor? 

D .  E.  IfARLCtX:  No.  We  are  fortunate 
in  having  a  quiet  lake  in  whidi  to  work. 
We  can  string  a  large  oitenna  arrangement. 
In  this  particular  instance,  at  no  time  is 
the  weapon  at  a  distance  greater  than  100 
yards  from  the  nearest  antt-ina,  so  that  the 
triuiwnl usually  takes  place  over  less 
than  100  yards. 
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iDOSTRASTING  PROCEDURES  FOR  AIRCRAFT 
By 

Christian  G,  ieeber,  NAUC ,  KAES 


GENERAL 

In  general,  the  requirement*  ond 
procedures  for  inst lument ing  aircraft 
structures  and  equipment  in  performing 
laboratory  and  flight  teat  investigation* 
are  governed,  to  a  great  e::tent,  by  several 
factor*  peculiar  to  th«  field  of  aircraft 
engineering.  The  factor*  of  weight  and 
coc!^>actne*«  in  aircraft  construction  iepose 
vety  definite  limitation*  on  the  sire  and 
weight  of  equipment  which  can  be  utilised 
for  test  purposes.  In  addition,  the  light* 
ness  and  flexibility  of  aircraft  structures 
necessitates  the  use  of  picicup  units  whose 
site  and  mass  will  not  have  f>  significant 
effect  upon  the  measurement  of  such  structural 
characteristics  as  strain,  deflection, 
acceleration,  etc.  For  flight  test  work, 
te.’^  equipment  must  be  rugged  and  reliable 
and  function  satisfactorily  under  conditions 
resulting  from  wide  fluctuations  in  atmos¬ 
pheric  temperature*  and  pressures,  engine 
and  aerodynamic  disturbances  or  vibrations, 
rapid  variations  in  frequency  and  magnitude 
of  applied  “  g  "  forces, and  changing 
attitudes  of  the  aircraft.  Test  equipment 
must  alKO  be  capable  of  withstanding  the 
impact  force-  and  accelerations  experienced 
during  catapult  and  arrested  landing 
eperatiens.  Since  aircraft  structures  are 
designed  within  very  close  margins  of 


safety,  it  it  essential  that  test  equipeaent 
and  instruments  possess  a  high  degree 
of  accuracy  particularly  where  laboratory 
or  flight  tests  are  being  conducted  in 
“step”  fashion  under  conditiens  of  in¬ 
creasing  severity. 

In  performing  catapult  and  arrested 
landing  tests,  structural  flight  tests, 
and  vibration  and  drop  tests  on  full-scale 
aircraft  and  dynamic  tests  of  aircraft 
equipment,  it  is  generally  necessary  that 
a  variety  of  physical  quantities  be  measured 
and  recorded  sioultaneously  in  order  that 
a  complete  analysis  can  be  made  of  the 
operation  or  test  performed.  Although  a 
number  of  instruments  are  cvailable  for 
use  in  aircraft  testing,  the  instrument 
most  commonly  utilised  tor  obtaining  test 
data  is  the  variable  resistance  strain 
gage  at  used  in  the  conventional  bridge 
circuit  with  associated  amplifying  equip¬ 
ment  and  mul t i -gal vanometer  recording 
oscillographs.  Because  of  its  sise  and 
weight  and  corresponding  small  effect 
upon  the  characteristics  of  the  structures 
or  instruments  to  which  it  has  been  applied 
or  adapted,  the  strain  gage  hai!  been 
employed  f^r  a  wide  variety  of  uses  in 
dynamic  tests  of  aircraft  for  the  measure¬ 
ment  of  acceleration,  velocity,  displacement, 
temperature,  pressure,  and  other  quantities. 
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!n  «11  t«st  vork,  c«rc  ssust  be  exercised 
that  the  2*C*>  have  been  properly  bonded 
and  adequately  protected  ataintt  daaate. 
At  the  tiae  laboratory  calibre.tir  is  are 
conducted  cn  instrusented  aircraft,  shunt 
resistance  calibrations  are  also  sads 
on  the  test  recording  equipsent.  This 
calibrates  ail  coaponents  of  the  aeasuring 
syates  except  the  gages.  These  resistance 
calibrations  can  be  very  readily  repeated, 
at  any  tiae  during  the  course  of  a  test 
progrsB  and  corrections  =ade.  if  necessary, 
for  any  changes  in  recording  equipaent 
characteristics  since  the  original  labora¬ 
tory  calibration.  This  feature  is  particu¬ 
larly  ieportant  in  test  «ork  extending 
over  a  long  period,  since  ajtoeatic  resistance 
calibrations  can  be  nade  ieaediately 
before  and  after  each  fli^t  canetnrer  or 
teat  per  forced,  thereby  penaitting  a  close 
chedc  on  equijeent  calibration  and  eliednat- 
ing  the  necessity  of  repeating  laboratory 
calibrations  on  the  coaplete  aircraft  at 
frequent  intervals. 

An  atteept  will  be  etade  to  show  totae 
of  the  techniques  and  procedures  utilised 
in  the  instrumentation  and  test  of  full- 
scale  aircraft  and  aircraft  equipment  by 
describing  briefly  a  few  typical  dynamic 
testa  performed.  With  the  possible  exception 
of  crash  landing  investigations,  it  should 
be  noted  that  in  comparison  with  shock 
tests  of  msirine  vessels  the  d>nsmie  pherto- 
mens  measured  during  aircraft  tests 
generally  occurs  over  s  greater  time 
period;  roughly,  from  .05  to  0.2  of 
a  second  or  longer. 

AIRCRAFT  DROP  TESTS 

During  carrier  evaluation  teats  of  a 
twin-engined  Mavy  fighter,  the  wing  center 
sections  of  seven  out  of  eight  airplanes 
brought  aboard  were  damaged  during  landing 
itrpset.  The  majority  of  the  landings  made 
were  unsymmetricsl ,  i.e  ,  either  the  nose 
gear  or  one  main  gear  initially  contacted 
the  deck.  Figure  1  ihows  the  moat  severe 
fai lure  sd)ich occurred  (hiring  these  landings. 
A  preliminary  investigation  of  the  cauae  of 
these  failures  indicated  that  the  landing 
gear  reactions  combined  with  the  vertical 
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insrtis  forces  of  tka  projecting  engine 
9WSS  izpesed  cxeassivc  toreional  loads  oo 
tbs  wing  structure. 


To  investigate  and  dstersine  the 
cause  of  tbs  failures  sore  completely, 
this  Etodc!  airplane  was  st^jected  to  a 
aeries  of  instnsaentad  drop  tests  in  the 
laboratory.  The  teat  set-up  is  shown 
oo  Figure  2. 

Strain  gages  were  counted  on  the 
upper  end  lower  surfaces  of  each  wing 
panel  near  the  root  to  obtain  data  on 
the  sagnitude  of  tha  torsional  loads 
iepaaed  on  the  wing  structure  durirkg  the 
drop  tests.  Gagca  were  elso  placed  on 
each  angina  mount  structure  to  deteraine 
the  magnitude  of  the  torsional  loads 
isposed  on  the  wing  by  tha  vertical 
inertia  forces  of  the  engine  stass.  The 
gage  installations  were  calibrated  by 
applying  known  vertical  loads  to  each 
engine  propaller  shaft  and  calculating 
the  total  torsional  loads  applied  to 
the  wing  structure.  The  calibration  loads 
were  balanced  by  the  reactions  on  the 
airplane  landing  gear.  Dynamic  reaction 
platfonat  swre  installed  under  each  landing 
wheel  to  obtain  data  on  the  vertical 
load-time  history  of  each  gear  during 
tlie  drop  tests.  Each  of  these  triangular- 
sheped  loading  plat  ferns  weighs  about 
lOOG  pounds  and  is  supported  hy  three 
tubular  steel  pedestcis  on  which  strain 
gages  have  been  mounted.  The  gages  are 
wired  in  such  a  manner  that  they  respond 
only  to  colum  loads  on  tha  pedes t sis  or 
loads  applied  normal  to  the  platform 
surface.  In  addition  to  the  foregoing 
inatrue-entati(an,  NAES  strain- gage  accelero¬ 
meters  (bean  type)  heving  a  natural  frequency 
of  23  cps  were  located  at  the  c.g.  and 
in  the  enpennage  of  the  airplane. 

During  the  investigation,  the  airplane 
was  subjected  to  a  series  of  drop  tests  of 
increasing  severity  simulating  both 
symmetrical  and  unsymmctrical  landing 
conditions.  In  tho  latter  staget  of  the 
tests,  the  airplane  was  dropped  in  such 
an  attitude  that  one  main  gear  received 
the  initial  landing  impact,  the  nose  gear 
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Figure  1 


and  other  gain  sear  aubacquently  contact  ins 
in  that  order.  Durinc  these  teats,  as 
shown  in  Figure  1,  ea^  landing  wheel  was 
preapun  so  as  to  have  a  peripheral  speed 
of  $0  oph  upon  iopact  in  order  to  eiiculate 
the  actual  drag  loads  imposed  on  the 
gear  during  landing. 

Figure  3  shows  a  typical  oscillogram 
of  the  data  recorded  during  these  drop 
testa  and  Figure  4  shows  the  duplication 
of  the  carrier  failure  obtained  in  the 
laboratory. 

EJECTION  SEAT  TESTS 

In  the  design  and  development  of  a 
pilot’s  ejection  seat  and  personnel 
catapult  for  emergency  escape  from  high¬ 
speed  aircraft,  extensive  ground  and 
flight  tests  have  been  conducted.  The 
110- foot  ejection  seat  tast  tower  located 
at  the  NAMC  has  been  used  principally  for 
the  development  and  test  of  u  suitable 
powder  charge  catapult,  for  the  rosasurement 
of  ejection  loads  and  accelerations,  and 
for  the  investigation  of  human  tolerances 
to  various  magnitudes  and  rates  of  sppli- 
catloi.  of  forces  experie.nced  during  ejection. 


A  40-ineh  telescoping  eltssincao  catapult 
weighing  8  pounds  and  containing  a  powder 
cartridge  is  attached  to  the  seat  back 
and  to  tht  base  of  the  tower  structure 
between  the  guide  rails.'  Upon  detonation 

of  the  cartridge  by  the  occupant,  the 
energy  released  by  thi;  burning  powder 
imparts  an  ejection  velocity  to  the  seat-man 
mass  of  60  fps  in  0.2  second  over  a 
40-inch  catapult  stroke.  The  maximum 
acceleration  developed  during  ejection 
ranges  from  16  to  19  g’t. 
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Figure  2 


Fifure  3  aho«a  the  Inatruaent-it  ion 
uaad  on  the  aubject  during  the  p«rf3:;e«nce 
ef  tocer  teata.  Stathaaatrain>cage  acca'.ero* 
aetcra  having  a  natural  frequent  a;  500 
cpa  and  0.7  critical  daieplng  mn  acuntad 
on  the  aubjeeta  head,  ahoulder,  aal  hip. 
A  aiailar  accelerometer  la  aMunted  on 
the  aaat  atrueture.  No  aaplifiera  are 
uaed  with  theae  accalarometera ,  the 
outputa  being  recorded  directly  by  a 


conaolidated  oacillograph  equipped  vith 
high'aanaitieity  galvanoaatcrs. 

The  ejection  velocity  ia  detersined 
by  ajcanc  of  a  fixed  coil  located  on  the 
aide  of  the  aeat  atrueture.  The  coil 
paveea  over  atationary  Alnico  magneta 
apaced  at  2' inch  intervala  along  the 
tower  track.  "Tie  current  induced  in  the 
coil  by  each  aucceaaive  magnet  momentarily 
deflects  the  galvanometer  element  cauaing 
a  “blip”  in  the  oacillograph  recording 
trace.  Having  time  and  diatance,  the 
velocities  can  be  readily  computed. 

A  measurement  of  the  internal  presaurea 
developed  in  the  catapult  during  ejection 
is  obtained  by  means  of  ctroin  gages  mounted 
circumferentially  on  a  copper-beryllium 
tube  having  one  end  closed  and  connected 
to  the  catapult  chamber  through  a  smaller 
diameter  tube.  The  tube  is  packed  with 
silicone  grease  so  that  the  initial  volume 
of  the  catapult  will  not  be  significantly 
altered.  The  grease  also  insulates  the 
gages  from  the  high  internal  catapult 
temperatures  developed  during  ejection. 


.'Jgure  4 


A  typical  oaciliogras  obtained  during 
teats  on  the  ejection  teat  tc»»r  it  sho*n 
oo  Fiojre  6. 

Figures  7  and  8  shoe  the  instru=ent«d 
dwTiTy  used  fox  flight  ejection  tests.  Three 
^tA£S  bonded  ttrain>gage  acceleroseters 
(h*a9  type)  having  c  natural  frequency  of 
2S  cpr  and  a  e  30  g  range  are  sounted 
alotig  the  vertical,  fore  and  eft,  and 
lateral  exes  of  the  dusay.  A  Heiland 
type  40 IK  oscillograph  equipped  vi th 
high- sensitivity.  Type  A  galvanoneters 
and  a  poser  supply  ere  aounted  in  the 
chest  cavity  of  the  du=y.  The  oscillo¬ 
graph  is  started  by  remote  control  iaoediately 
before  ejection  and  acceleration  records 
are  obtained  on  the  aeat  end  dun=y  during 
the  full  ejection  sequence,  including 
the  operation  of  the  seat  parachutes. 
A  self-contained.  3-cogpenent.  uechanically 
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rceordinc  acc«lftrozs«t*r  havinc  a  natural 
frequency  of  40  epa  and  a  ranfe  of  ^30  g 
ia  now  undergoing  evaluation  teata  for  uaa 
in  future  duea^jr  inatrenentation. 

IMPACT  TESTS 

In  the  dcvelopaant  and  teat  ofapilot’a 
aeat  capable  of  auataining  40  g  fore-and-aft 
craah  landing  loada,  occurring  in  a  tiioe 
period  of  .05  aeoonda  froa  ispact  to  peab, 
dynasic  teata  were  conducted  in  a  drop  teat 
eacbine.  The  aeat  and  200-pound  duoasy 
were  aounted  face  downward  in  a  rigid 
jig  attached  to  the  drop  test  car.  The  car 
waa  dropped  on  a  wooden  blo^  20  x  20  inchea 
in  croaa  aection,  on  top  of  which  varioua 
gradea  and  thickneaaea  of  rubber  pada  had 
been  placed  to  give  the  deaired  accelera- 
tion-tisse  loading  on  the  aeat.  The  teat 
aet-up  ia  ahown  in  Figure  9. 


During  theie  tension  links  on 
which  strain  gages  had  been  taounted  were 
inserted  in  the  lap  and  shoulder  straps 
to  deterelne  the  aagnitude  and  distri* 
bution  of  the  loads  in  the  harness. 
Stathsa  scceieroiaeters.  g.  were  aounted 
at  the  c.g.  of  the  teat  car  and  the  dtairy. 
In  soae  of  the  teats.  Bureau  of  Standards 
dynaaoaeter  rings  were  inserted  in  series 
with  the  harness  strain  gage  links.  When 
subjected  to  tension  loads  these  l-lnch 
disaster  rings  are  peraanently  elongated. 
By  aeasuring  the  minor  diameter  of  the 
elongated  rings,  the  aaxiaum  tensioa  load 
can  be  deterained  f<ca  a  calibration  curve 
baaed  on  static  and  dynamic  laboratory 
testa.  As  coBpsred  with  the  strain  gage 
data,  however,  the  maxieiim  harness  loads 
determined  from  the  dynamometer  rings 
were  consistently  lower.  Indications  are 
that  the  elongation  of  the  ring  actually 
lags  the  applied  tension  force,  par¬ 
ticularly  at  high  rates  of  lead  build-up. 
In  addition,  there  seems  to  be  some  erratic 
elastic  recovery  of  the  rings  following 
removal  of  the  load. 
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Figure  9 

Figure  10  shows  an  oscillogram  obtained 
(firing  these  tests. 
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Figure  10 
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DISCUSSION 


E.  KLEIN,  NSL:  Ve  have  diacutaed 
aitailaritiea  and  differencea  of  three 
main  typea  of  inatrumenta  which  were 
uaed  in  field  operation--tha  velocity 
meter  (which  ia  an  eapecially  aui table 
inatrument  in  ahipa),  the  accelerometer 
for  ordnance,  and  the  wire  atrain  gage 
for  aircraft. 

G,  CHESTOCK,  DTMB:  I  would  like  to 
aak  about  the  Bureau  of  Standarda  ringa 
What  do  they  meaaure- - acceler at  ion  or 
force>-and  how  ia  it  applied? 

C.  G.  WEBBER,  NAMC,  NAES:  The  ringa 
meaaure  the  maximum  force  developed  in 
the  aeat  belting  during  impact  tsata.  They 
are  inaerted  in  seriea  with  the  belting. 
Theae  ringa  are  initially  circular.  Under 
load,  they  are  permanently  elongated, 
and  by  conducting  previoua  laboratory 
cfilibrationa  on  aimilar  ringa  and  meaaur- 
ing  the  minimum  diameter  after  varioua 
loada  have  been  applied  and  relaxed,  the 
approximate  magnitude  of  the  loading  can 
be  determined.  There  ia  aome  difference, 
however,  in  maximtxs  loada  meaaured  in  thia 
manner,  due  to  apparent  differencea  in 
the  atatic  and  dynamic  calibrations  of 
the  ringa  with  respect  to  the  rate  of 
load  application. 

G.  CHERTOCK;  What  is  the  material  of 
the  rings? 

C.  G.  WEBBER:  I  think  the  rings  are 
made  of  SAE  4130  steel. 

A,  E.  McPherson,  NSS:  They  are  made 
of  SAE  X4130  magnaflux  qu'=ility,  and  the 
quality  control  ia  quite  difficult  and 
expensive.  The  theory  is  th  '^t  the  static 
and  dynamic  calibration  should  be  the 
same,  which  we  have  found  to  b«  so  up 
to  a  rate  of  loading  where  .02  of  a 
second  was  required  for  rescidng  peak 
load.  Above  that  point  w«  do-ni't  know, 
but  it  seems  reasonable  that  we  could 
go  to  even  higher  rates  of  tondinfi. 


W,  E.  BAKER.  LOS  ALA.M0S  SCIENTIFIC 
LABORATORY,  SANDIA  BASE  BRANCH:  What 
type  of  recording  oscillograph  have 
you  found  most  satisfactory? 

C.  G.  WEBBER:  In  anawering  I  believe 
I  will  call  upon  Mr.  We its,  who  is  pri* 
marily  our  initrtaaent  man. 

D  E.  WEISS,  NAMC,  NAES:  Three  types 
of  moving  coil  galvanometer  ctuneras  widely 
uaed  in  the  aircraft  industry  are  ones 
manufactured  by  William  Miller  Company, 
Conaolldated  Engineering,  and  Heiland 
Research  Corporation.  Each  has  advantages 
and  disadvantages.  Miller  and  Consolidated 
cameras  are  usually  made  with  galvanometers 
numbering  from  about  6  to  36  units  in 
one  camera.  The  Miller  oscillograph  has 
a  ffludi  better  optical  system;  the  resolution 
of  their  recording  trace  i'  much  finer. 
In  general,  it  ia  nnich  more  suitable  for 
field  use  than  the  Consolidated,  although 
not  entirely  ao.  Consolidated  haa  available 
a  greater  and  more  useful  variety  of 
galvanometers;  they  make  very  -.ensitive 
galvanometers  with  a  natural  frequency  of 
150  cycles  per  second,  enabling  use,  with 
no  amplifiers,  at  applied  frequencies  as 
high  as  100  cycles  per  second.  These 
galvanometers  are  used  with  DC  bridges. 
The  Heiland  Research  Corporation  manu* 
factures  a  relatively  inexpensive,  conpact 
six* galvanometer  camera.  This  unit  has 
about  the  smallest  volume  per  channel 
but  records  on  paper  which  is  only  two 
inches  wide  and  in  devoid  of  such  re¬ 
finements  ae  automatic  record  numbering 
and  remote  control  facilities.  There  is 
no  way  of  selecting  one  over  the  other>-all 
are  good  in  some  respects  and  deficient 
in  others. 

E.  KLEIN:  In  the  next  Bulletin  (No.  8) 
which  is  mainly  on  instrumentation,  many 
o(  these  instruments,  including  rings, 
ore  described. 


K.  W.  JOHNSON.  AMC:  Wh*t  type  of 
recorders  do  you  ute  in  fighter  eircreft? 

C.  G.  WEEBER:  On  fighter  type  eir- 
plenee,  we  have  used  Miller,  Conaolidated, 
and  Relland  oaci llographa.  There  ia  a 
special  problem  in  instrumentation  on 
fighter  type  planea--the  F4U  ia  a  typical 
example.  In  that  case,  all  of  the  radio 
equipment  was  removed,  and  our  equipment 
was  mounted  behind  the  pilot's  seat.  That, 
as  a  general  rule,  ia  the  only  available 
apace  for  installing  equipment  (in  the  aft 
section  of  the  fuselage).  The  installation 
of  teat  equipment  very  often  presents 
difficulties  in  trying  to  achieve  a  apod- 
fied.  os  satisfactory  c.g.  location  on  the 
airplane  for  flight  testa. 

O.  D.  'TERSni,  NOTS:  Have  you  inveatl- 
gat^'d  the  direct  effect  of  shock  or 
ac.-.  leration  upon  the  various  types  of 

g  « 1 V  arioifi«  te  r  t  ? 

D.  E.  WEISS:  Galvanometers  used 
during  our  testa  are  checked  statically 
that  ia,  the  recording  oscillograph  ia 
placed  on  all  alx  faces,  thus  itRposing 
a  l>g  load  on  the  galvanometer  elements 
along  three  axes.  If  the  effects  of  this 
static  load  do  not  exceed,  roughly,  .01- 
inch  maximum  deflection  of  the  trace,  they 
are  considered  satisfactory.  In  flight 
teats  we  usually  apply  the  output  of 
fixed  resistances  directly  to  the  galvanc- 
metera  and  thus  determine  the  response  of 
the  galvanometer  to  the  mechanical  shock. 
Usually,  by  selecting  galvanometers  on  the 
basis  of  these  two  tests,  we  can  find  those 
which  will  not  introduce  very  serious 
errors.  By  "serious  orrora"  I  mean  that 
if  full  scale  deflection  of  the  galvano¬ 
meter  is  of  the  order  of  2  inches,  we 
would  not  permit  galvanometer  trace 
deflections  of  more  than  about  .05  or  .06 
inch  under  severe  shock--theae  deflections 

being  measured  with  no  electrical  signal, 
or  with  a  constant  electrical  signal 
applied  to  the  galvanometers.  The  galvano¬ 
meters  miich  we  purchase  we  usually  select 
individually  from  a  let.  The  criterion  for 
this  selection  is  that  the  deflection  of 
the  galvanometer  trace  not  exceed  .01 


inch  per  g,  which  is  evaluated  atatically 
and  not  dynamically.  Tha  ga Ivanometar a 
do  not  perform  aa  well  as  that  under 
•hock  testa. 

We  do  give  very  serious  attention  to 
the  effect  of  ahock  on  galvanometers.  Setae 
time  ago  a  teat  wat  carried  out  by  one 
of  our  contractors.  The  extraneous  effects 
upon  the  galvanometers  were  about  75 
percent  of  the  peak  readings  which  were 
obtained  during  the  teat.  By  isolating 
the  galvanometars,  these  results  were 
verified. 

J.  PAUSEY,  R.N.S.S:  We  tried  to  use 
strain  gages  on  the  CAMERON,  but  we 
found  considerable  trouble  with  them  in 
the  field.  Do  you  use  them  to  a  large 
extent  in  aircraft  in  flight,  or  do  you 
have  laboratory  conditions  for  most  of 
your  teats?  Do  you  have  any  tips  in 
techniques? 

C.  0.  WEBBER:  Probably  the  best  and 
only  cheek  on  the  strain  gage  itself  is 
that  great  care  must  be  exercised  when 
the  gage  is  applied  to  the  structure, 
and  I  believe  Mr.  Weiss  has  conducted  a 
series  of  tests  in  the  laboratory  where 
different  bonding  methods  have  been 
investigated.  The  following  was  the  proce¬ 
dure  of  applying  gages  to  the  external 
structure  of  a  seaplane,  which  is  probably 
the  most  severe  condition  that  you  will 
encounter.  In  this  case,  the  gages  were 
cemented  to  thestructure  with  Duco 
cement  and  allowed  to  dry  for  24  hours, 
'.'hen  the  gage  area  was  coated  heavily  with 
?etrosene  wax  and  2-inch-wide  strips  of 
airplane  fabric  were  wrapped  around  the 
structure  and  then  heavily  doped  and 
allowed  to  dry.  This  was  repeated  two 
or  three  times.  Also,  a  coating  of  Neoprene 
cement  was  put  on  the  gages  and  aubjected 
to  heating  and  drying  by  infrared  lamp. 
Finally,  a  metallic  cover  was  placed 
around  the  structure.  We  use  strain  gagea 
quite  extensively  in  aircraft  testing, 
and  great  care  must  be  exercised  in 
applying  them;  but  they  have  been  reliable. 
In  this  particular  instance,  where  the 
airplane  waa  subjected  to  rough  water 


iandinxB,  th*  f«KM  ar*  still  satiaractory 
aftar  iiva  oontha  of  tasting. 

D,  E.  WEISS:  Such  elaborata  pre¬ 
cautions  are  not  alsrays  necessary.  ?he 
case  described  by  Mr.  Weeber  is  a  rather 
extreise  one  in  srhich  the  gage  was  external 
to  the  seaplane-,  a  rather  difficult  set 
of  conditions.  In  ordinary  flight 
tests,  it  is  usually  sufficient  merely  to 
cover  the  gage  area  with  Petroaene  “A  *' 
wax.  Our  tests  usually  extend  over  a  rather 
long  period  of  time.  Our  flight  test 
programs  are  rrarrly  cOiipicted  in  leas  than 
three  months.  Vo  have  every  reason  to 
believe  that  the  gage  is  satisfactory. 


as  attested  to  by  load  calibrations  of 
tho  structures  before  and  alter  field  tests. 

F.  F.  VANE,  DTMB:  We  have  applied 
strain  gages  to  ships,  particularly  below 
the  water  line  on  structural  members  and 
on  shafts.  There  are  two  main  difficulties. 
One  is  to  be  sure  that  the  surface  is 
clean  and  dry.  We  have  used  grinding 
wheels,  etc.  to  gat  the  surface  flat 
and  clean  and  have  even  used  hair  dryers 
to  make  sure  the  area  was  dry  and  not  too 
cold.  Then  we  used  Dueo  cement.  Gages 
installed  in  that  faeSiion  have  stayed  put 
for  periods  c  *  months  at  a  time. 


ERIEF  RESUME  OF 

RECENT  BRITISH  SHOCK  TRIALS  IN  SHIPS 
By 

J.  E.  Shaw,  R.N.S.S. 

This  paper  deala  with  the  mtiin  results  and  cone  lua ions  from  shock  trials  carried 
out  recently  on  ships,  in<:  hiding  the  broad  character  ist  ics  of  shock  on  items  through¬ 
out  the  surface  ship  and  the  submarine.  The  maximum  sever  it  ies  of  shoe  recorded  on 
the  trials  are  tabulated,  and  the  design  requirements  for  shock  resistartce  of  machinery 
and  equipment  are  d iscussed ,  The  extent  to  which  earlier  theories  have  beer,  justified 


and  the  gaps  in  present  in  forma  t  ion  on  shock 


INTRODUCTION 

It  Is  the  aim  of  British  designers  of 
naval  equipment  to  design  their  gear  to 
withstand  shock  in  ships  up  to  the  point 
of  uncontrollable  flooding  in  the  section 
of  the  ship  in  which  the  gear  is  situated, 
either  by  making  the  equipment  in¬ 
herently  strong  enough  to  withstand  the 
maximum  shock  forces  and  movements  without 
damage  or  by  mounting  on  flexible  supports. 

To  further  this  end  and  to  increase 
our  basic  knowledge  on  the  nature  and 
severity  of  shock  in  different  classes 
of  ship,  up  to  the  point  of  uncontrollable 
flooding,  experiments  are  envisaged  which 
will  eventually  cover  the  range  of  ships 
from  submarine  to  battleship. 

So  far  shock  trials  have  been  completed 
against  the  following  ships. 

(1)  The  destroyers  CAMERON  and 
AMBUSCADE  •  the  latter  to  extend 
our  knowledge  of  shock  severities 
in  destroyers  up  to  the  point 
of  uncontrollable  flooding  and 
to  check  the  broad  conclusions 
formulated  in  the  CAMERON  report. 


in  ships  are  outlined. 


(2)  The  submarine  PROTEUS  when  sur¬ 
faced,  and  REPEAT  JOB  9  (the 
section  of  an  A  cla,is  submarine) 
both  on  the  surface  and  when 
submerged. 

(3)  The  cruiser  BffiRALD. 

It  has  been  our  practice  in  shock  in 
ships  trials  to  install  and  record  the 
movements  of  special  castings  or  forgings 
designed  to  have  great  ridlgity,  in  order 
to  obtain  the  bodily  movements  of  the 
mass  unobscured  by  local  vibrations  on 
the  portion  of  the  items  where  the 
meatiuring  instruments  are  situated. 

The  accelerations  derived  from  such 
records  multiplied  by  the  mass  should 
give  forces  exerted  by  the  supports  on  the 
items  and  by  the  item  on  the  supports. 

Thrsu  masses  serve  a  threefold  purpose!' 

(1)  To  determine  the  bodily  movement 
of  objects; 

(2)  To  form  a  reference  for  comparing 
shock  characteristics  in  different 
classes  of  ship; 

(3)  To  assist  in  calibrating  shock 
testing  machines. 
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In  addition  to  records  taken  on  masses, 
records  have  been  taken  of  the  movements  of 
macl'inery  items  and  guns. 

DeSTROyeRS 

Ai  ‘he  CAtO-RON  results  influenced  our 
ins t rumen  I Tt ion  for  later  trials,  it  is 
probably  opportune  to  reiterate  some  of 
the  brood  conclusions  ^rem  the  CAUERON 
trial  before  proceeding  to  discuss  the 
later  ones. 
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Figure  1  shows  the  shock  characteristics 
on  the  hull  framing  and  plating  as  recorded 
by  piezoelectric  accelerometers.  High- 
freouency  accelerations  amounting  to 
several  thousand  g  can  be  seen  on  the 
records  for  the  shell  plating.  Figure  I* 
shows  the  shock  characteristics  on  a 
bulkhead  immediately  above  the  positions 
vihere  the  hull  records  were  taken.  It 
will  seen  that  the  high-frequency 
accelerations  are  severely  attenuated  and 
do  not  exceed  the  medium- f requency  accele¬ 
rations.  This  was  also  found  for  i*’ems 
of  mchincry  . 


Figure  3  gives  typical  shock  character¬ 
istic*  on  the  shell  plating  recorded  by 
velocity  meter,  snd  Figures  4  and  5  typical 
characteristics  of  shock  on  a  bulkhead,  on 
a  1-ton  casting  repjcsenting  a  machlntsry 
iteiTi,  and  on  cn  item  of  machinery. 
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Fig,  1  Typical  AcceJsrometer  Records  300' 
Pounds  Anatol  T  ired  2G0  Feet  from  Ship’s 
Side,  50  Feet  Deep, 


Fig,  2  Typical  Accelerometer  Records,  300 
Pounds  Arratol  Fired  200  Feet  from  Ship's 
‘Side,  50  Feet  Deep, 


As  no  large  high-frequency  accel¬ 
erations  were  recorded  on  CAMERON  except 
on  the  hull  structure,  the  evidence, f roro 
these  trials  indicated  that  directly  trans- 
•roltted  stress  waves  set  up  by  underwater 
explosions  were  of  insufficient  intensity 
to  cause  failures  except  in  very  brittle 
materials.  Failures  were  caused,  in 
general  either  by  relative  motion  between 
independent  components  leading  to  mechanisms 
failing,  opening  and  closing  of  contacts, 
etc.,  or  to  relative  motion  between  dif¬ 
ferent  parts  of  the  same  item,  resulting 
in  excessive  strain  at  points  where  there 
were  large  bending  moments  and  thus 
causing  cither  permanent  distortion  or 
the  parts  wh"'  the  material  was  ductile  or 
fracture  of  parts  when  the  material  was 
brittle.  ‘ 

Thus  velocity  meters  were  chosen 
as  our  main  instrument  for  recording  the 
characteristics  of  shock,  as  we  could 
obtain  more  readily  from  velocity  time 
records  Informrtlon  on  the  damaging 
characteristics  of  shock  (i.e. ,  accel¬ 
erations  associated  with  displacement, 
maximum  velocities,  etc.)  than  by  using 
accelerometers . 

In  addition  to  the  characteristics 
recorded  by  the  velocity  mater,  items  in 
the  ship  will  be  subjected  to  forcos 
caused  by  the  bodily  movament  of  the  ship 
as  a  «f"te  and  by  ths  vertical  oscillation 
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of  the  ?hip  «•  a  free-free  beat).  Although 
tile  acceieration*  frooi  thii  cause  are  low, 
the  dlaplacraientt  are  high  (several  indies) 
and  such  movements  can  result  in  failure 
to  certain  classes  of  apparatus  (e. g., 
gyro-conpass  suspensions)  unless  mountings 
are  designed  to  protect  against  these  low 
frequency  (2-3  cps)  high- displacement 
oaci 1 1 ations. 

The  second  destroyer  to  be  used  for 
controlled  shock  trials  from  noncontact 
underwater  explosionc  was  AMBUSCADE 
This  ship  was  an  A  class  destroyer  built 
in  1928  and  had  a  length  of  322  feet, 
beam  of  31  feet,  and  a  displacement  of 
1700  tons  in  her  trial  condition  (draught 
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fii.  3  Typical  Velocity -Time  Records  on 
Shell  Plating  on  CAMERON,  300  Pounds  Amatol, 
30  Feet  Outh'd,,  100  Feet  Deep. 

the  after  engine-room  bulkhead,  and  instru¬ 
ment  positions  were  arranged  accordingly. 
In  all,  there  were  49  instrument  positions 
for  recording  the  movements  of  masses  on 
the  hull,  on  bulkhead,  on  decks,  and  on 
machinery  items  and  guns. 

Figure  6  gives  a  general  layout  of  some 
of  the  principal  instrument  positions  in 
AMBUSCADE,  the  positions  at  which  charges 
were  fired,  and  the  charge  weights. 


Fiii.  4  Typical  Velocity -Time  Records  on  a 
Bulkhead  in  CAMERON,  1000  Pounds  Amatol, 

300  Feet  Outb'd,,  100  Feet  Deep. 

10  feet  8  inches  forward,  10  feet  3  Inches 
aft).  Similar  dimensions  for  CAMERfK 
were  length,  314  feet;  beam,  31  feet; 
displacement,  1000  tons  during  trials 
(draughi:  8  feet  2  inches). 

Both  AMBUSCAIE  and  CAMEHON  had  framing 
1  foot  9  inches  apart,  but  the  AMBUSCAEF, 
frames  were  somewhat  stlffer  than  those 
on  CAMERON,  while  the  shell  plating  on 
CAMERON  was,  in  general,  thicker  than 
on  AMBUSCADE. 

Two  stations  in  AMBUSCABE  were  chosen 
to  fire  against,  one  just  forward  of  the 
break  of  the  fo'castie  and  one  just  abaft 


Fiii,  5  Typical  Velocity-Time  Records  on 
fbehinery  Items  on  Seat  inis  Built  Up  from 
the  Ship's  Framinii.  300  Pounds  Amatol,  98 
Feet  Outh’d.,  64  Feet  Deep, 
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In  Kldition  to  the  main  shock  tests,  a 
number  of  minor  shots  (33  pounds  Torpex) 
were  detonated  at  a  distance  of  140  feet 
from  the  hull  and  at  a  depth  of  130  feet 
in  an  attempt  to  increase  our  knowledge 
on  the  dynamic  properties  of  mild  steel 
cast  steel,  D.W.  steel,  hlf^  tensile  brass, 
and  Admiralty  gun  metal  at  the  rates  of 
loading  experienced  due  to  shock  in  ships. 

For  this  experiment,  a  mass  of  900 
pounds  was  secured  to  its  senting  by  two 
similar  specimens  of  the  metal  under 
observation,  in  lieu  of  holding-dosn  bolts. 

A  velocity  meter  was  mounted  on  the  mass, 
and  it  was  hoped  that  the  forces  on  the 
specimens  could  be  determined  from  the 
decelerations  of  the  mass.  Figure  7 
gives  a  sketch  of  the  arrangements. 

The  shock  forces  were  not  purely 
vertical,  and  the  horisontal  component 
tended  to  distort  the  specimens  and  introduce 
additional  friction,  which  to  some  extent 
complicated  the  results. 

Instrument 


This  experiment  did,  however,  confirm 
the  indications  in  the  CAUERON  report 
that  cnder  the  rates  and  duration  of 
loading  caused  by  shock  in  ships,  the 
yield  points  of  slid  steel,  cast  steel, 
and  D.  W.  steel  were  considerably  increased 
and  that  for  stresses  somewhat  above  the 
static  U.X.S.,  little  permanent  set  was 
recorded.  For  the  high  tensile  brass  and 
Admiralty  gun  metal,  little  increase  in  the 
yield  point  or  U.T.S.  was  recorded. 

For  design  purposes,  the  permissible 
stresses  for  the  materials  could  be 
increased  as  follows: 

Mild  steel  frca  16  to  20  tons  psi 
Cast  uteel  from  16  to  18  tons  psi 
D.V.  Steel  from  IfSA  to  24  tons  psi 

Characteristics  of  Shock 

The  characteristics  of  shock  On 
AMBUSCADE,  recorded  by  electromagnetic 
velocity  meters  on  masses  on  the  ships 
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frcminc  or  raataes- on  bulkhead*  and  on 
deck*,  are  given  in  Figure*  8  and  Q  for 
■hot  A. 3  (180  pound*  Torpex  detonated 
137  feet  from  the  chip*  hull  at  an  angle 
of  30®)  75  feet  deep.  l/%  0-12. 

D 

Figure  8  give*  the  vertical  con^nent*. 
The  maxiratxo  velocity  for  the*e  component* 
generally  occurred  at  the  fir«t  peak 
(as  found  in  CAMEROM),  and  this  comfionent 
generally  decays  without  exhibiting  any 
lower  frequency  components. 

Figure  9  gives  the  vertical ,  athwart* 
■hips  and  fore  and  aft  coDponent*  for  No. 
50  bulkhead  and  shows  the  relative  severities 
of  these  components. 

The  maximum  velocities  for  these 
horizontal  components  rarely  occur  at  the 
first  peak. 

For  comperison,  some  of  the  velocity* 
time  traces  obtained  on  the  CAMERON  trials 
are  given  in  Figure  10  (depth  of  shot,  50 
feet ) . 

There  are  three  main  points  of  dlf* 
ference  between  the  broad  characteristics 
obtained  on  CAMERCX^  and  those  obtained 
on  AMBUSCADE: 

(1)  The  time  to  maximum  velocity  of 
Inasses  on  the  hull  and  on  bulkheads  in 
AMBUSCADE  was  much  greeter  than  that 
recorded  in  CAMERON.  This  can  be  ex¬ 
plained  to  some  extent  by  the  shell  plating 
bn  AMBUSCADE  being  thinner  and  more 
heevily  loaded  than  on  CAMERGN. 

(2)  The  decelerations  on  masses  re¬ 
presenting  machinery  items  on  the  hull 
were  a  higher  percentage  of  the  accele¬ 
rations  than  on  CAMERGN  and,  in  some  cases, 
were  actually  greater  than  the  accele- 
ratiens.  The  decelerations,  as  shown  in  the 
CAMESCN  report  are  influenced  to  some 
extent  by  the  stiffness  of  the  snip*  s  section 

rather  than  the  stiffness  of  the  shell 
plating;  and,  as  the  framing  in  AIDUSCADE 
was  much  stiffer  than  that  on  CAMERON,  it  is 
suggested  tnat  this  is  at  least  partly 
responsible  for  the  change  in  the  broad 
characteristics  of  shock. 


(^4  off) 


Fig,  7  HMS  AMBUSCADE.  Dyramic  Tests,  (A, 
B)  Dcitaiis  of  Test  Pieces,  (C)  Details  of 
Retaining  Belts. 

(3>  The  frequency  of  oscillation  of 
masses  on  the  decks  of  AMBUSCADE  was  some¬ 
what  hither  than  those  recorded  on  CAMSRCN. 
This  was  due  to  the  generally  stiffer 
construction  of  the  decks  as  a  whole. 


'.the  charactcriatlcs  of  shock  are  of 
loportance  tthen  oonaidarins  flaxibia  anmt* 
ings  for  machinery  or  equipment.  If 
machinery  or  equipment  is  attached  to 
structures  which  give  the  aaset^ly  a  low 
natural  frequency,  flexible  mountings  are 
tuuiecitssary  and,  indeed,  msy  eien  do  harm 
unless  carefully  designed  to  prevent 
bottoming. 

Shock  Severity  in  Destroyers 

As  a  result  of  the  CAUERCK  trials,  it 
was  foiuid  that  the  most  severe  component 
of  shock  from  noncontact  underwater 
ei^losions  was  the  vertical  one,  and  that 
the  vertical  shock  characteristics 
(maximuo)  velocity,  initial  mean  accele¬ 
ration,  snd  first  peak  of  displacement)  had 
a^sensibly  linear  relationship  with 
y  *  ^  where  W  ■  equivalent  charge 

D 

weight  of  Amatol  explosive  in  pounds 
and  6  and  D  defined,  as  in  Figure  11,  up 
to  the  point  where  plastic  deformation  of 
the  hull  occurt.  Thic  sensibly  linear 
relationship  in  the  elnstic  range  with 
^  *  sin  6  which  we  call  the  shock  factor 
D 

was  verified  on  AMBUSCADE,  and  typical 
plots  are  given  in  Figures  12  to  14, 
which  show  the  relationship  between  this 
parameter  and  the  maximum  velocities, 
initial  mean  accelerations,  and  first 
peak  of  displacement  for  casting  on  the 
hull,  on  bulkheads,  and  on  decks. 

The  approximate  formulae  developed  in 
the  CAMERON  report  for  estimating  the 
maximum  values  of  velocity  and  acceleration 
for  machinery  items  and  items  on  bulkheads 
held  to  within  10  percent  for  items  in 
AieUSCAEE,  but  it  must  be  remembered  that 
both  theae  ships  were  built  on  the  trans¬ 
verse  frsming  system,  and  the  more  modern 
longitudinal  system  msy  appreciably  affect 
the  application  of  the  CAMERON  formulae. 

The  final  shot  against  AMBUSCACE  was  a 
180  pound  Torpex  Mk.  XI  depth  charge 
detonated  3d  .5  feet  from  the  ship's  hull 
just  abaft  the  engine  room  and  at  a  depth 

of  25  .feet. 

-  0,45 
D 


The  saxisitaa  values  of  shock  severity 
are  given  in  Table  I  and  coeopared  with  the 
maximum  severities  of  shock  in  CAMERON. 

The  table  indicates  that  the  ahock 
severity  in  AMBUSCADE,  except  on  the 
decks,  did  not  exceed  that  recorded  on  the 
CAMERON  trial. 

SUBMARINES 

The  m ture  and  severity  of  shock  in 
submarines  due  to  noncontact  underwater 
explosions  was  measured  in  shock  trials 
against  the  sutmsrlne  PEXHEUS  when  surfaced 
and  against  RQ’EAT  JOB  9  (the  central 
portion  of  an  A  class  submarine)  both  sur¬ 
faced  and  submerged.  It  was  not  possible 
to  carry  out  trials  against  PKXIEUS  when 
submerged,  as  there  were  no  lifting  craft 
available  to  raise  this  size  of  submarine 
should  compartments  flood  after  a  shot. 
REPEAT  JOB  9  gave  a  link  between  ahock 
characteristics  in  surfaced  and  submerged 
conditions. 

PROIEUS  was  a  PARTHIAN  class  submarine 
laid  down  in  1927  and  had  the  following 
dimensiona; 


Standard 


displacement 

1475  tons 

Surface 

displacement 

1767  tons 

Submerged 

displacement 

2040  tons 

Dlaplacement  during 

ahock  trials 

1880  tons 

Length  (extreme) 

289  ft.  2  in. 

Breadth  (extreme) 

29  ft.  10  in  . 

Pressure  hull 

plating 

35  lbs  .  psf 

Frsme  spacing 

1  ft.  9  In. 

No.  2  and  No.  3  battery  groups  were 
renoved  from  the  submarine  prior  to  the 
shock  trials,  in  addition  to  the  4- inch  gixi, 
gun  platform  and  mounting;  all  annunition; 
storet  anchort,  and  cable  anchor;  propellers; 
linings  snd  loose  fittings;  snd  10  tons 
of  ballast  stored  in  No.  2  battery  tank. 
In  this  way  it  la  possible,  with  all 
tohka  full,  to  have  the  submarine  in  its 
"trisuird  down  "  condition  for  trials 
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‘.rhe  chcracteriatics  of  shock  are  of 
laportance  «hen  oonsidering  flexible  aotmt* 
Inga  for  machinery  or  equipment.  If 
machinery  or  equipment  is  attached  to 
structures  ehidi  give  the  nsseti^Iy  a  low 
natur.tl  frequency,  flexible  mountings  are 
unnecessary  and,  indeed,  may  eien  do  harm 
unless  carefully  designed  to  prevent 
bottoming. 

Shock  Severity  in  Destroyers 

As  a  result  of  the  CAUSUN  trials,  it 
was  found  that  the  most  severe  component 
of  shock  from  noncontact  underwater 
explosions  was  the  vertical  one,  and  that 
the  vertical  shock  characteristics 
(maximum  velocity,  initial  mean  accele¬ 
ration,  and  first  peak  of  displacement)  had 
a  sensibly  linear  relationship  with 
K  ain  d  where  W  ■  equivalent  charge 
D 

weight  of  Amatol  explosive  in  pounds 
and  B  and  D  defined,  as  in  Figure  11,  up 
to  the  point  ahere  plastic  deformation  of 
the  hull  occurs.  Thic  sensibly  linear 
relationship  in  the  elastic  range  with 
^  6  which  we  call  the  shock  factor 

D 

was  verified  on  AMBUSCADE,  and  typical 
plots  are  given  in  Figures  12  to  14, 
which  show  the  relationship  between  this 
parameter  and  the  maximum  velocities, 
initial  mean  accelerations,  and  first 
peak  of  displacement  for  casting  on  the 
hull,  on  bulkheads,  and  on  decks. 

The  approximate  formulae  developed  in 
the  CAMERON  report  for  estimating  the 
maximum  values  of  velocity  and  acceleration 
for  machinery  items  and  items  on  bulkheads 
held  to  within  10  percent  for  items  in 
AM3USCAIX,  but  It  must  be  remembered  that 
both  these  ships  were  built  on  the  trans¬ 
verse  framing  system,  and  the  more  modern 
longitudinal  system  may  appreciably  affect 
the  application  of  the  CAMERON  formulae. 

The  final  ahot  against  AMEKISCAEE  was  a 
180  pound  Torpex  Mk.  XI  depth  charge 
detonated  3d  .5  feet  from  the  ship’s  hull 
just  abaft  the  engine  room  and  at  a  depth 

of  2S  .feet.  W  ,  g 
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The  maxiatsa  values  of  shock  severity 
are  given  in  Table  1  and  cosspared  with  the 
maximum  severities  of  shock  in  CAMSiCN. 

The  table  indicates  that  the  shock 
severity  in  AMBUSCADE,  except  on  the 
decks,  did  not  exceed  that  recorded  on  the 
CAMERON  trial. 

SUBMARINES 

The  ra  ture  end  severity  of  shock  in 
submarines  due  to  noncontact  underwater 
explosions  was  measured  in  shock  trials 
against  the  submarine  PROTEUS  when  surfaced 
and  against  REPEAT  JOB  9  (the  central 
portion  of  an  A  class  submarine)  both  sur¬ 
faced  end  submerged.  It  was  not  possible 
to  carry  out  trials  against  PKHEUS  when 
submerged,  as  there  were  no  lifting  craft 
available  to  raise  this  sire  of  submarine 
should  compartments  flood  after  a  shot. 
REPEAT  JOB  9  gave  a  link  between  shock 
characteristics  in  surfaced  and  submerged 
eondi t ions . 

PROTEUS  wet  a  PARTHIAN  class  sutraarine 
laid  down  in  1927  and  had  the  following 
dimensions: 


Standard 


displacement 

1475  tons 

Surface 

displaemaent 

1767  tone 

Submerged 

displacement 

2040  tons 

Displacement  during 

shock  trials 

1880  tons 

Length  (extreme) 

289  ft.  2  in. 

Breadth  (extreme) 

29  ft.  10  in, 

Pressure  hull 

plating 

35  lbs  .  p  s  f 

Frtme  spacing 

1  ft.  9  lu. 

No.  2  and  No.  3  battery  groups  were 
rercDved  from  the  submarine  prior  to  the 
shock  triols.ln  addition  to  the  4- inch  gun, 
gun  platform  and  mounting;  all  atnaunition: 
store*  wtchors,  and  cable  anchor;  propellers; 
linings  and  loose  fittings;  and  10  tons 
of  ballast  stored  in  No.  2  battery  tank. 
In  this  way  It  la  possible,  with  all 
tarka  full,  to  have  the  submarine  in  its 
"trimmrd  down  "  condition  for  trials 


Fiji,  13  HMS  AMBUSCADE.  Plots  for  Vertical  Componertta  of  Shock, 
Si7  Fotineis  Mass  on  Butkhearl  (B  in  Fifi,  6). 


Fig.  14  IIM.S  AMBUSCADE.  Plots  for  Vertical  Component  of  Shock 
400  Poitniis  on  Upper  Deck  (D  in  Fig,  6), 


TABLE  I 

COUPARZSOH  OF  MXIMUM  SHOCK  SEVERITIES 


Item 

Cameron 

Ambuscade 

Maximum 

Velocity 

f'T/SEC 

Maximum 

Acceleration 

g 

Max 

Decel 

g 

1st  Peak 
Displ. 
-ins. 

Maximum 

Velocity 

FT/SEC 

Maximum 

Acceleration 

g 

Max. 

Decel 

g 

1st  Peak 
Displ. 
ins 

V  A 

F»A 

V 

A 

Ft  A 

V 

V 

V 

A 

F»A 

V 

A 

F*A 

V 

V 

One  Ton 
Mass  on 
Bottom 

13 

r 

5-5 

1-5 

170 

28 

20 

70 

1-6 

14 

4 

- 

SIO 

40 

- 

120 

1-5 

Machinery 

ON 

Bottom 

22 

2 

- 

220 

24 

- 

no 

2-3 

16 

4 

- 

180 

4C)te 

- 

sojioo 

- 

Mass  on 
Lower 
Deck 

S 

- 

- 

25 

- 

- 

1  3 

14 

- 

60 

- 

60 

:'3 

Mass  on 
Upper 
Deck 

16 

40 

?  ^ 

7 

-• 

- 

45 

- 

- 

40 

iO 

Masses 

ON 

Bulkheads 

,3., 

3 

3 

!30 

20 

15 

- 

1  3 

II 

4 

3 

50 

20 

20 

70 

1-4 

Single 

4  7  INCH 
Gun 

_ 

' 

7 

25 

18 

1-6 

V  -  Vertical  A  -  Athwartship  F»A  -  Fore  $,  Aft 


(draught  16  f«tt  10  Inches)  and  to  have 
a  reserve  of  buoyancy  by  blowing  the 
tanks.  Arrangements  were  made  so  that 
Nos.  4  and  5  main  ballast  tanks  could  be 
blown  (by  HvP.  air)  from  the  bridge  in 
order  to  recover  reserve  buoyancy  before 
entering  the  aubnarine. 

Nc.  90  bulkhead  was  chosen  as  the 
uain  station  to  fire  against,  with  a  faw 
shots  against  stations  130  and  137. 

A  l-ton  casting  was  installed  at 
station  92/93  on  the  starboard  side  and  a 
M>ton  casting  secured  overhead  at  station 
86/87.  Both  were  fitted  with  velocity 
meters  for  recording  the  vertical  and 
athwartship  conponentc  of  the  shodt  motion. 

Instruments  srere  fitted  to  the  pressure 
hull  ploting  and  framing,  the  main  engine, 
main  motor,  switchboard,  to  various  items 
of  auxiliary  machinery,  and  to  mild  steel 
dunsy  cells  in  a  small  battery  tank.  The 
general  layout  of  instruments  and  the 
charge  positions  in  the  plane  of  90 
bulkhead  arc  show)  in  Figure  15.  Relative 
di4>lacetacnt  indicators,  resonance  metera 


and  copper  crusher  units  were  liberally  used 
to  back  up  the  readings  of  the  velocity 
meter  s . 

The  first  series  of  explosions,  using 
the  hedgehog  (33*pcund  Torpex)  charge, 
were  made  to  determine  the  angle  at  which 
the  optimum  shock  effects  occurred  on 
equipment  in  a  surfaced  submarine  as  a 
rescit  of  dropping  depth  charges  at  a 
given  horisontal  distance  from  the  vessel. 

The  remaining  and  more  severe  shots, 
which  included  charges  of  3l5*pound  Torpex 
330>pound  Minol,  43S*pound  Minol,  and 
2000>pound  Anatol ,  Were  chosen  to  determine 
the  vulnerability  of  the  various  items  of 
equipment  and  the  effect  of  varying' the 
weight  and  composition  of  the  charge. 

Characteristics  of  Shock 

The  characteristics  of  shock  recorded 
on  the  pressure  hull  plating  and  framing 
and  on  the  various  machinery  items  and 
casting  are  given  in  Figures  IS  to  19. 

Figure  16  gives  the  veloci ty« time 
slg)._ture  for  shell  plating  and  framing 
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Fin.  16  HUS/M  FftOTEiS .  Velocity- Time 
Outracteriatica  (D  in  Fin,  15).  33  Poanda 
Torpex  Fired  48  Feet  from  Preaaure  Hull, 


at  stations  73-75 inNo.  3  battery  tank  frow 
a  33-pound  Torpex  charge  detonated  48  feet 
from  the  pressure  hull  at  station  90  and 
at  a  depth  of  28  feet. 

The  signature  ilVp2  gives  the  record 
on  Frame  74,  HVf^  gives  the  signature  of 

the  pressure  hull  plating  between  Frames 
74  and  75,  and  llRVN  gives  the  relative 
velocity  between  plating  and  framing  at 
stations  73-74.  The  relative  velocity 
meter  had  only  the  weight  of  the  coil 
assembly  secured  to  the  plating  (the 
weight  of  the  magnet  system,  etc, ,  being 
borne  by  the  two  adjacent  frames)  and, 
in  consequence,  the  velocity  recorded  on  the 
plating  was  very  much  higher  than  that  re¬ 
corded  by  the  standard  velocity  meter,  ahlch 
weighs  approximately  35  pounds. 

Figure  17  shows  the  shock  signature 
on  the  shell  plating  below  the  1-ton  casting 
at  station  92,^93  and  the  vertical  cotqponents 
of  the  shock  characteristics  on  this 
casting  and  on  the  W- ton  casting  overhead 
at  station  86/87,  all  recorded  by  the 
standard  t;/pe  of  velocity  meter. 


Vertical 

Velocity 


Fig,  17  HMS/M  HtCfTEUS.  Velocity-Time  Chtiracteriatics,  (I)  Shell  Platinn  Normal 
(A  in  i'Jn,  15);  (2)  1-Ton  Maaa  on  Tank  Top  (B  in  Fig,  15);  (3)  h-Ton  Naaa  on  Framing 
O/erhead  (C  in  Fig,  15), 


It  will  be  teen  thst  the  maximum 
velocity  on  this  pressure  hull  plating, 
although  slightly  nearer  the  explosion, 
was  less  than  that  recorded  on  the  pressure 
hull  plating  in  No.  3  battery  tank.  The 
heavy  thickness  of  plating  rncde  this 
possible  in  conjunction  with  the  increased 
loading  on  the  frariies  in  this  part  of  the 
submarine  (engine  room). 

The  shodc  signature  on  the  two  castings 
showed  no .pronounced  high* frequency  oscil¬ 
lation,  and  the  athwartshlp  components 
(Figure  18)  were  very  much  lower  than 
the  vertical  ones. 

Figure  19  shows  the  shock  signature 
for  the  main  motor  and  main  engine  shot 
vertically  below  keel  59  feet  deep. 

The  main  engine  records  Indicate  that 
the  position  chosen  for  the  velocity  meters 
was  not  ideal,  as  local  vibrations  appear 
to  mask  the  record  of  the  main  bodily 
movement  of  the  machine. 
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In  aodi tion  to  these  characteristics, 
there  is  the  low-frequency  oscillation 
caused  by  whipping.  No  reliable  whipping 
records  were  obtained  on  this  trial 
but  it  is  hooed  in  future  experiments  to 
record  the  whipping  of  submarines  caused 
by  noncontact  underwater  explosions. 

Shock  Sever!  ty 

It  was  found  that  with  the  submarine 
surfaced  and  charges  dropped  at  a  given 
horizontal  distance  from  the  axis  of  the 
submarine,  the  greatest  shock  effect  is 
produced  If  the  charge  explodes  on  ]i  plane 
making  an  angle  of  27®  •  30®  with  the 
horizontal  at  the  axis  of  the  submarine. 

The  values  of  maximum  velocity  and 
Initirl  mean  acceleration  recorded  on  items 
of  machinery  and  equipment  for  a  given  value 
of  shock  factor  were  considerably  lower 
than  those  recorded  on  destroyers,  but 
the  submari.^e,  with  its  stiffer  and  thicker 
pressure  hull,  can  withstand  a  very' much 
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18  HMS/M  mCflEUS .  Velocity-Time  Character  ist  ics  .  33  Pounds  Torpex  Fired  48  Feet 
I'rom  Pressure  Hull.  (A)  I-Ton  Hass  on  Tank  Top  (B  m  Fig,  15);  (B)  H-Ton  Hass  on  Framing 
Orerbead  (C  in  Fig,  IS)  '' 
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rx^  19  mS/K  iSOt&JS .  Velocitjr-Tise  Characteristics.  33  Ptnixvii  Torpex  Fired  43  Feet 
Sraa  Presscs-e  Ball . 
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Tbs  asain  records  indicate  that 

position  cboscn  for  tbs  treloclty  SDeter* 
ass  aot  ideal,  a*  local  aibratloos  appear 
to  a  ask  the  record  of  the  main  bodily 
soveaent  of  the  sachine. 


In  aritScieo  to  these  essraetes-istses. 
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Shack  Severity 
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starfeced  so£  cbtrjes  dsxppe*  at  e  sites* 
horssao**!  dsstasare  frcm  tisr  aatie  of  tbe 
i-tP»Larsoe.  ll*e  greatest  shock  effect  is 
or--  ”  ■*■■;  C.«r^'>  03  s  jiliisr 

aa  eat  -  -  *  *  ' 

horisontal  at  tbe  axis  of  tbe  srshnarine- 

The  valces  of  jssxisrtsni  velocity  aad 
initial  tiean  accele<‘stiao  recorded  co  itcct 
of  naehinery  aad  eTiipsieat  for  a  given  value 
of  shock  factor  were  considerably  loaer 
than  those  recorded  00  destroyers,  but 
tis“  Vi"  arine.  aitb  Its  stlffer  and  thicker 
prer—  e  hsil.  can  aithstand  a  very  such 
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IS  HMS/U  HIOTEUS ,  Velocity-Time  Character ist ics  .  33  Pounds  Torpex  Fired  48  Feet 
Sr om  Pressure  Hull,  (A)  I-Ton  Hass  on  TsTik  Top  (B  in  15);  (^)  M-^on  Msss  on  Frotnin^ 
CXrerbcad  (C  in  Fi^,  IS) 


SiilfrieT  of  shade  factor  bsfers  hoU 

fail^r  resslts.  Thzs.  t&ere  1?  little 
diffesecee  £a  the  aiciimer  esloes  of  shack 
severity  for  aacidsJ'ery  is  deetreyrr*  «ai  i= 
stCraclckes  at  siaxk  factors  corresgerrfictg 
to  hrS!  ttiytaae  2a  each  case. 

she  fisal  shot  a^siast  rSDIHS.  sfrich 
esEsed  severe  daaeaxe  in  toe  exteraala 
aerS  rrioor  leaks  in  the  presassre  hall.  «as 
e  K>5-pc>sod  lerpex  cfesrte  dstonalri  23-  23 
fraat  the  yressare  fcsJ*  asii  at  * 

feet.  0.7' 

D 


Ifeat  of  the  oaefidaery 
PsLifiLija  was  of  o&solete  pester  5r»  airew 
failcres  sccssred  le  ci..  t  ricJ  r>o^<>S3ed. 
Sfcxiflcg  arra=ct3tasts  of  lu'-s'  t'-esa  were 
iinafei^aate  sod  retired  stz 
Strong  receamendatioas  to  Hi*  '•ffeet 
sere  p^eatalgated  after  th*  *rial. 

this  trial  gave  wa  »h*  o*cei.iary  baci- 
grocod  before  eoc«e'_ie5  “he  3;5’2Q  0 

trial.  i>s  Jt  aeve  She  fcacet-rarr  flak 
Verasen  a  fclJy  iotef-td  sadactrtne  and  tSse 
rafcesrlae  target. 

J*5REAT  0 


THit  i£*3cisa»  value*  of  shooe  aeverity  SSf^iAt  - —  •  ■  ~ 

estiaated  the  :il9tionship  between  sariae  target  vessel  cor.tsp—viing  ^jproxi- 

sbock  factor  slsodic  severity  advich  would  sately  to  the  central  portion  of  an  A  • 
hare  resulted  bad  tfai.  shot  been  fired  aubetarin<  cosplete  with  extern^tls  a- 

abre&st  the  various  iti^.s  in  the  auhaarine  coepensating  tanka  and  titled  witn  saivag., 

are  given  in  lable  II.  ends. 


Fig,  19  ilHS/H  mCfTEUS .  Velocity-Tiwe  Character istics .  33  PourJs  Torpex  Fired  43  Feet 
From  Pressure  Hull, 
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*  Plating  c  Framing  Records  taken  Normal  to  Hull 


The  deflwntlons  of  REPEAT  JOB  9  were 
M  follows : 


Overall  length 
Eternal  dieneter 
of  pressure  bull 
Pressure  hull 
plating 

Breadth  over  ex¬ 
ternal  tanka 
Displacement  for 
surface  shots 
(drau^t  16  ft. 


81  ft.  8  in. 

15  ft. 

3VA  lb .  psi 
(S.  Qjality) 

20  ft.  8  in. 

4§8  tons 

545  tons 

4  tons 
(approx.) 

180  tons 
(approx.) 


Dead  weigh!  *hcn 
full  of  water. 


6  in.) 

Djsplacement  for 
sufamerged  shots 
Negative  '.Aioyancy  for 
submerged  shots 


The  following  itcaw  were  fitted  in  the 
sudn  coa^ar  taent : 

(1)  Two  battery  tanks,  eadh  containing 
36  A  class  submarine  cells  and 
4  adld  steel  dussqr  cells  (  of  the 
same  weight  and  size  as  A  class 
submarine  cells)  fitted  with 
velocity  SKters.  Both  tanks  were 
‘Stepped*’  and  had  rubber  pads  in 
the  battery  tank  woodwork. 

(2)  One  ballast  pustp  (60  tons/hr.  at 
100  feet  head)  on  16  •  AH,  flexible 
mountings  Type  250  (B). 

Ckie  trimming  pump  (12  tona/hr.  at 
124  feet  head)  on  8  -  AKL  flexible 
mountings  Type  250  (S). 

(3)  Three  1-ton  special  castings 
Three  K-ton  special  castings 

both 

r^resenting  auxiliary  machinery 


(4)  l£imceJlane<r:»>  itees  irvTlodinjj^depth 
S*ute».  s:ar«d»rd  velvet  'Z.i'.  sir 

ly^tesi.  ai'  rsttlfrS.  etc. 

if'*'  gecerel  srrengeaeC'C  plasa  coa 
sections  k.  '“  s!w»t:  in  Figare  25. 

IbH-'P^vna  Toxpei  --^ssrees  '•ere  used  for 
tfcis  trial.  andFigifre  2x  g»r'*»  tliepositieet* 
at  sfcit*.  =-*~«es  uerecetanatec. 

Characteristics  Shock 

The  *>--racteri sties  of  shock  oa  stasses 
asd  03  a  esessi  Ceil  £or  ii9»»*ar  shots  sfcen 
surfaced  and  subaerged  are  gi'veo  In 
Figures  22  to  26. 

Itiriil  be  sees  that  cw  jhocic  slpiatures 
for  ite=3  in  the  sidascrins.  ifcetfeer  rigidly 
aounted  or  flexibly  sourted.  differ 
considerably  for  slseilar  shots,  dreading 
on  -shether  the  suhsarine  is  surfaced  or 
sobsergen- 

For  rif.ldly  aoaalsd  itezs.  (i-e  .  iteszs 
reeching  their  Baa*— ■'s  c»ie-rtty  in  less  than 
3  silliseconds)  the  effect  of  tuboergertce 
'•as  to  increase  the  decelerations  by 
approxisiately  60  percent  without  any 
appreciable  change  to  the  values  of 
rr-mrttn  velocity  Or  initial  3£an  acceleration* 

The  flexibly  mounted  items  (i.e. . 
items  reaching  their  eaxitxs  velocity  in 
taore  than  10  silliseconds)  the  values  of 
both  the  aaxiiuiin  velocity  and  initial 
aean  acceleraticns,  recorded  with  REPEAT 
JOB  9  surfaced,  were  reduced  by  about 
5O  percent  for  aisiilar  shots  siien  subcjerged. 

It  will  be  seen  that  In  oast  esses  this 
is  a  definite  divergence  between  the 
velocity* time  traces  for  surfaced  and  sub* 
merged  conditions  commencing  st  between 
2.5  and  4  milliseconds. 

A  tentative  ej^lanation  would  appear  to 
be  that  these  effects  are  partly  due  to 
diffraction  of  the  pressure  pulse  around 
the  hull  and  pertly  due  to  the  Increased 
resistance  to  motion  of  the  hull  when  sub* 
merged. 

Thus,  on  submergence,  if  it  be  assumed 
that  the  pressure  pulse,  after  reaching 
points  on  the  hull  where  the  line  to  the 
charge  position  is  tangential  to  the 


pressure  hull.  rr*»  be  <L  ffracted  around  the 
hull  at  the  velocity  o-  sound  in  waier, 
then  as  the  diffracted  pulse  reaches  points 
above  the  centre  line  of  the  suhsarine,  the 
ge:.eral  effect  will  be  to  reverse  the  up* 
ware  ss>tion  imparted  by  thoss  below  the 
centre. 

This  assumes  that,  with  the  hull  sub¬ 
merged,  e  pressure  acting  radially  itiwards 
buiSds  up  arocrad  the  hull,  but  since  it  is 
c  'esult  of  diffractiam.  Its  values  cansot 
be  di.actly  assessed. 

Atty  effects  of  the  pressure  pJse  near 
the  sea  surface  will  be  largely  nullified 
by  sea  surface  cutoff,  and  thui  one  iculd 
not  anticipate  a=y  acpreciable  reversals  of 
force  fjoo  the  diffracted  pressure  pulse 
when  the  submarine  is  surfaced. 

For  exploaiaaa  70  feet  from  the  nearest 
point  on  the  bull  of  REPEAT  JOS  9,  this 
effect  shculd  be  noticeable  some  3-4 
zdllisecoods  after  the  first  impingemint  of 
the  pressure  pulse  on  the  hull.  Also,  the 
•  action  effect  of  the  increased  resist<Ence 
to  moticn  should  begin  to  influence  items 
after  the  inter vri  t^en  for  stress  waves 
to  travel  1*0*  around  the  hull  and  back 
(in  this  case  about  2.S  silliseconds). 

Thus,  a  divergmee  of  the  traces  between 
3  and  4  milliseconds  for  surfaced  and  sub¬ 
merged  conditions  could  be  explained  by 
either 

Rigidly  mounted  items  ihich  reach  their 
maxiiari  velocity  in  less  than  3  milliseconds 
'Would  have  only  tlieir  decelerations  affected 
by  this  feature,  while  flexibly  mounted 
items  which  hed  not  reached  their  maximum 
velocity  or  accelerations  in  3  milliseconds 
would  have  both  these  quantities  reduced. 

Shock  Severity 

It  was  found  that  over  the  larger 
range  of  angle  explored  in  TC5  5. 

shock  seventies  gave  a  more  linear  re¬ 
lationship  with  sin  0  then  with 

b 

j/^  If  sin~g. 


D 


This  can  be  partly  explained 


I  TON  CASTING  ® 


ISOlBS.  To«P£X  70FFtT  FROM  PRESSURt  Mil 


I  TON  CASTING  0 


DUMMY  BATTERY  CELL  ON  RUBBER  PADS 


A 


I  .ON  CASTING  0 


DUMMY  BATTERY  C£l  L  ON  RUBBER  PADS 


*  SO  Pounds  Torpex  70  Post  From 
Pressure  Hull, 

♦  80  Pounds  Torpex  70  Feet  Below 
Pressure  Hull. 


fti.  22  •  26  Ve loc ity -T ime  Records  from  JOB  9  Showing  Effect  of 
Submer  ging. 


by  the  very  tf.'i  cylindrical  hul*  of  the 
submarine,  ••Tr.ding  to  caus2  ths  hull  to 
move  liic-  solid  cyli'sdfer;  wiiereas  for  a 
less  St'.;'  '-"rmst'-iction.  the  motion  of  the 
item  14  chiefly  governed  by  ihe  rroveir.er'ts 
of  plating  surrounding  its  supports. 

The  penultimate  shot  ( 180-ooundTo rp^s.' 

detonated  at  a  distance  of  2*  '=et 

(  f^!=  0.75)  from  the  press-ii:  h*..ll  with 

REPEAT  JCf)  8  submerged  tc  a  depth  of  ilO 
feet.  This  shot  caused  *o~*  s«ight  plastic 
diahing  of  the  pressure  huii,  and  the  maxi- 
nxim  indentation  was  lii  j.urnes.  All  madiinery 
and  tho  subn«rine  cells  were  undamaged  (with 
the  exception  of  one  comer  cell  which  was 
cracked  due  to  distortion  of  the  battery 
tank  sides)  andnachinery  ran  satisfactorily 
after  the  shot. 

The  final  shot  (180-pound  Torpex)  at 
19  feet  (  j/W  .  0.86  )  from  the  pressure 
D 

hull  caused  two  large  tears  in  the  pressure 
hull,  one  at  station  21-22  and  one  at 
station  19,  and  between  these  the  hull 
plating  and  framing  had  been  pushed  in  to 
a  maximum  of  4  feet  6  inches  tcking  ii>e 
ballast  pump  platform  inboard  where  it 
assumed  a  position  at  approximately 
35®  to  the  horizontal. 

It  would  thus  «^ear  that  submarine 
mechinery  mounted  on  noise  absorbing  iptunt- 
ings  and  submarine  batteries  i.'  the 
rubber  padded  tanks,  as  in  normal  British 
practice,  will  withstand  shock  up  to  the 
point  of  lethal  severity  without  damage. 
This  is  a  considerable  achievement. 

The  maximum  values  of  shock  severity 
recordec  on  items  in  REPEAT  JOB  9  were: 

Velo-  Accel - 
city  eration 

Castings  -  ton  (normal)  29  fps  700  g 
'A  ton  (vertical)  18.  5‘  320  g 

'A  ton  (athwart- 

ship)  12  220  g 

Batteries  (flexibly  mounted) 

vertical  6  *'  64  g 

nthwnrtship  6.7  "  73  g 


Had  the  final  shot  been  fired  on  the 
opposite-  sJdeofthe  target,  it  is  estimated 
that  tbs  1- ton  masses  would  have  experienced 
maximum  velocities  of  about  22  fps  and 
initial  mean  acceleration  of  500  g. 

REPEAT  JOB  9  was  a  very  lightly  lo^ed 
target  compared  with  a  completed  sub¬ 
marine,  and  the  shock  severities  are  very 
much  higher  Ihan  those  obtained  on  PROTEUS. 
(In  addition,  it  should  be  added  that  fSTEA'l 
JOT  9  had  a  wholly  welded  structure,  wtiere 
PROTEUS  had  a  riveted  hull.)  For  example, 
if  a  3lx>tof  this  severity  (180-pound  Torpex 
19  feet  from  pressure  hull)  were  being 
fired  against  PROTEUS,  the  estimated  values 
of  maximum  velocity  and  initial  mean 
acceleration  (obtained  by  extrapolation) 
would  be: 


Maximum 

Initial  Mean 

Velocity 

Acceleration 

1- ten  casting 

18  fps 

200  R 

Mein  motors 

13.8 

90  g 

Main  engines 

11.8  •• 

110  R  (ex¬ 
cluding  the 
H.F.  oscil- 

latiors  on 
record). 

Further  trials  are  being  planned 
against  ACE  on  A  class  submarines,  with 
the  object  of  verifying  the  maximum 
values  of  shock  severity  in  submarines, 
to  act  as  a  proving  trial  for  A  ct-.ass 
submarine  equipment  and,  by  means  of  an 
arrey  of  P.E.  gauges  around  the  outside  of 
the  pressurehull  and  velocity  meters  inside, 
to  explore  more  fully  the  mechanics  of  the 
changes  in  shock  characteristics  when  sub¬ 
merged. 


CRUISERS 

Shock  trials  were  carried  out  against 
the  cruiser  EMERALD  to  determine  the  nature 
and  sever-lty  of  shock  in  doublf-bottom 
ships  of  the  cruiser  type. 
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Fig.  31  BUS  EMERALD.  Ve locity-T iae  Characteristics.  I-Ton  Mass 
on  Inr  T  Bottoa  (B  in  Fig.  27). 


asai*'.  is  eccjgiargseei  ■*ic£:  cars  Ssasadei^?-  »! 
^^jr>r  so  ^fSeres:  clssxcs  of  sSnip.  of  c£>? 
stasiaaat  sere-rity  of  sSoei  liLely  to  hs 
er^rscsced  is  tssjr  pcgitioo  in  e-acS:  cSasx 
of  sSny. 


SSeiitm  Fiiares  for  Sfcoci 

■fee  sinpSext  s*t£aoi  to  feteminr  abetiarr 
any  snrenasaisaES  or,  indroJ,  *=y  item  of 
oanrjftl  e'^sipmsnt  ariJI  •adtbxtand  the  afapde 
cbaracleri sties  and  siisacianaw  severity  of 
jnede  in  sbi^  cacsed  by  saaoecotset  tzaier- 
■watea  raplosioes  sacsld  be  to  secare  it  to 
a  sboex  testing  steebiae  vbica  pro&tces 
siailas'  sriracS:  cnsracteristics  sad  severities 
to  teapse  observed  ia  snips.  Scadi  e  asebiae 
SDold  da  tbe  coDp!  tested  capd:  aathfmaties 
and  sasser  siaetber  the  iten  is  gpod  or  bad 
frean  a  abodb  -ieapoi:^. 


Obscure  failures  of  secbeniacs  on  shock 
scaebines  can  be  ezanined  in  slcv  notion 
using  higb  speed  cine  cseeras.  end  renedies 
can  often  be  indicated  nore  rasidiy  by 
this  seans  than  by  sathenatical  endeavour. 


S7 


T&e-  cbersireeri  sties  of  the  idea!  shock 
maebiiar  shoald  be  capable  of  altematioo 
as  regarcit  fre^nsacy  of  oseillatioa.  but 
this  aedd  result  in  a  caaplicated  rtaebifae: 
and  it  ss  felt  that,  provided  the  shock 
saebine  characteristics  include  the  broad 
frr<^eaey  bands  observed  in  ships,  the 
results  sill  cot  be  misleading  except  aben 
testing  items  on  flexible  mountings. 


Tbe  british  policy  is  to  design 
meebanians  like  ssitcb  and  control  gear  to 
withstand  the  shock  tests  ahen  rigidly 
attached  to  the  target  plate  of  the  shock 
machine  anc^  then  to  install  the  gear 
on  flexible  aomtings  in  ships  giving  an 
saded  factor  of  safety. 

The  broad  frequency  bands  for  shock 
tasting  eadiines  should  include  one  band 
betveen  40  -  100  cps  and  one  between  2  -  S 
cps  (the  latter  being  associated  with 
displacesents  exceeding  3  inches  to  sitsu' 
late  shipping  noveoents). 


TABLE  III 
B.M.S.  EMERALD 


Item 

Maximum 

Velocity 

rT/S£C 

Maximum 

Acceleration 

g 

Maximum 

Deceleratioii 

g 

Vertical 

ATKK'ASTSHP 

Fore  t  Aft 

Vertical 

Athwartshi? 

Vertical 

900  Lcs  Mass 
OH  Ol’US  BOTTOfI 
(Tanks  Empty) 

30 

- 

- 

1400 

- 

200 

B 

One  Ton  Mass 
ON  Inner  Bottom 
(Tanks  Full) 

20 

13 

- 

400 

100 

- 

75 

1  8 

IOne  Ton  Mass 
ON  Inner  Bottom 
(Tanks  Empty) 

9 

9 

- 

160 

150 

- 

- 

B 

One  Ton  Mass 
ON  Lower 
Deck 

8 

- 

80 

- 

- 

Bj 

B 

Masses  on 

Athwartship 

Bulkheads 

6 

3 

3 

60 

25 

18 

20 

1  0 

It  is  cur  sis  to  produce  «  shc^  testing 
aachine  cepsble  of  shodc  testing  ea<^inery 
veighing  up  to  15  tons.  Tne  design  of 
the  sachine  has  not  been  completed,  but. 
briefly,  it  will  consist  of  a  catapult 
accelerator  shi<^  strikes  a  10* ton  mass 
which,  in  turn,  accelerates  the  target 
plate  by  rseans  of  hydraulic  buffers.  The 
target  plate  will  be  decelerated  by  means 
of  hydraulic  rams  with  adjustable  parts 
attached  to  a  30- ton  mass,  so  that  the  de¬ 
sired  characteristics  of  shock  may  be 
obtained. 

For  machinery  items,  it  has  been  the 
British  practice  to  design  auziliaiy 
machinery,  which  in  service  is  rigidly  se¬ 
cured  to  the  ships  structure,  so  that  the 

stresses  in  the  machine  do  not  exceed  16 
tons  psi  for  a  load  equivalent  to  120,  the 
weight  of  the  machine  vertically  upward, 
60  the  weight  of  the  machine  vertically 
downward,  and  60  the  weight  of  the  machine 
athwartship,  applied  at  the  supports  of  the 
machine;  and  the  securing  bolts  are  de¬ 
signed  to  have  a  stress  of  25  tons  psi  under 
forces  caused  by  a  deceleration  of  60  g 

Machines  so  designed  withstood  accel¬ 
erations  of  220  g  associated  with  a  maximum 
Velocity  of  22  fps  without  mechanical  failure 
or  any  measurable  permanent  distortion. 

Whether  this  result  was  caused  entirely 
by  the  obliging  nature  of  mild  steel 
increasing  its  yield  point  (due  to  the 
load  being  rapidly  applied  and  only  main¬ 
tained  for  a  short  inter/al  of  time),  or 
whether  our  method  of  assessing  the  mean 
accelerations  gives  unduly  high  figures, 
or  whether  the  result  was  a  combination  of 


both,  cannot  be  positively  asserted;  but 
it  would  appear  that  machines  manufactured 
of  mild  steel,  D>  W.  steel,  or  cast  steel 
and  designed  to  withstand  static  forces  of 
120  g  upwards  60  g  downwards,  and  60  g 
athwartship  (applied  at  the  si4>ports  of  the 
machine)  will  withstand  shodc  forces  at  the 
rates  of  loading  and  duration  ejperienced 
in  ships  of  almost  double  these  figures. 

It  would  appear  from  our  trials  that 
machinery  when  rigidly  mounted  in  ships 
may  experience  shock  forces  in  the 
vertical  plane  as  listed  in  Table  IV: 

MAIN  MACHUffiRY 

(fps)  (g) 

K.  P.  Turbines  8-10  100  -  120 

L.  P.  Turbines  6-8  50-60 

Boilers  (measured  at  4-5  40 

top  of  feet) 

SUBMARINE  MAIN  ENGINES  12  -  14  100 

AUXILI.WY  MACHINERY 

(See  also  the  supplementary  Tables  under 
“Ccmnent  s ’’) . 

Neither  the  deceleration  nor  the 
horizontal  athwartship  forces,  in  general, 
exceed  one-half  of  the  maximum  values 
quoted  above. 

In  order  that  the  weight  of  machinery 
items  may  be  kept  within  reasonable  limits, 
it  is  felt  that'items  of  auxiliary  machinery 
should  be  mounted  on  flexible  mountings 
capable  of  reducing  the  shock  accelerations 
to  a  figure  not  exceeding  120  g  and  that  the 
auxiliary  machinery  should  be  designed  as 
at  present  to  withstand  '..lii  magnitude  of 
force,  cpplied  statically,  without  damage 
or  distortion. 


TABLE  IV 

MAXIMUM  VERTICAL  SHOCK  CH4RACTERISTICS  FOR  MACHINERY 


Main  Machinery 

H.P.  Turbines 
L.P  Turbines 
Boilers  (at  top  op  feet) 

Submarine  Main  Engines 


Velocity 
8-10  ft/sec, 
6-8  ft/sec 
4-5  ft/sec 

12-14  ft/sec. 


Acceleration 
100-120  g 
50-60  g 
40  g 

100  g 


Auxiliary  Machinery 


Position 

Item 

Cruisers 

Destroyers 

Submarines  j 

Velocity 

ft/sec. 

Acceleration 

g 

Velocity 

FT'SEC 

Acceleration 

g 

Velocity 

ft/sec 

Acceleration 

g 

On  the 

Ship's 

Bottom 

Heavy  Machinery 
3-10  tons 

12  -  15 

120-180 

- 

- 

12  -  14 

100 

Machinery  Items 

Vh  -  5  tons 

17 

250 

15 

180-220 

- 

■1 

Machinery  Items 

-  I*!  TONS 

20 

400 

16  -  :'0 

150-250 

20 

250 

On  the 

Upper 

Deck 

Machinery  Items 

%  -  IVj  TONS 

8 

80 

7-  16 

45 

- 

- 

Athwartship  values  rarely  exceed 


ONE  half  those  given 


ABOVE 


DISCUSSION 


J.  T.  MULLER,  BTL:  In  Figure  8  you 
show  a  negative  velocity.  How  does  that 
happen? 

J.  R.  SHAW,  R.N.S.S.  :  Figure  8  is  a 
record  of  the  motion  of  the  deck.  The 
deck  receives  its  motion  from  the  bulkheads 
which  support  it.  It  is  conceivable  that 
at  times  you  will  get  a  slightly  dowriward 
movement  (due  to  the  supporting  bulkheads 
being  a  bit  out  of  phase)  before  the  deck 
starts  to  move  up. 

I.  VIGNESS,  NRL:  I  would  like  to 
make  one  comment  on  the  same  subject.  Mr. 
Muller  knows  the  4A  plate  on  the  light¬ 
weight  shock  machine.  It  is  merely  a 
flat  plate  supported  by  channels  on  two 
edges.  We  can  have  those  two  edge*  start 
Bwving  forward  with  a  certain  velocity  as 
the  plate  receives  the  shock  excitation. 
When  the  two  edges  first  move  forward, 
the  center  of  the  4.A  plate  may  move  back¬ 
ward.  This  backward  motion  is  easily 
observed  in  the  acceleration  records  and  is 
also  noticeable  if  accurate  displacement 
measurements  are  made.  This  backward 
motion  can  be  explained  by  consideration 
of  the  rigidity  of  the  plate  to  bending,  in 
addition  to  the  usual  considerations  of  mass 
and  tensile  properties.  This  rcsul  t  canmost 
easily  be  illustrated  by  the  behavior  of  a 
bar  «4ian  its  center  is  quickly  displaced  a 
given  distance  perpe'xlicular  to  its  length. 

Figure  32  illustrates  the  difference  in 
response  of  a  string  (which  will  support 
no  bending  moment)  and  a  bar  when  their 
centers  are  quickly  displaced  a  given  small 
distance  perpendicular  to  their  lengths. 


For  the  string,  tha  displacement  kink  moves 
at  a  uniform  speed  elong  its  length,  in 
manner  illustrated  by  psrts  "b"  and  “t"  of 
Figure  32.  A  locatior\  on.  the  string  par- 
tdees  only  of  a  single  quick  displacement 
as  the  kink  moves  by.  However,  when  the 
center  of  a  bar  is  quickly  difsplacsd,  the 
shape  of  the  bar  at  some  first  instant  of 
time  is  shown  in  "e"  of  Figure  .32.  The 
ends  of  the  bar  are  still  in  their  original 
positions.  The  parts  of  the  bar  below  the 
line  connecting  the  ends  have  moved  back¬ 
ward.  Generally,  the  shorter  the  wavelength, 
the  faster  will  be  the  propagation  along 
the  length  of  the  bar,  and  thus  the  shape 
of  the  disturbei'.ce  will  continually  change. 
A  particle  located  at  some  position  on  the 
bar  will  first  experience  a  vibratory  motion 
about  its  original  position.  This 
vibratory  motion  will  begin  at  very  high 
frequency  and  very  low  displacement  ampli¬ 
tude,  and  the  frequency  will  become  less  and 
the  amplitude  greater  as  the  waves  pass 
down  the  bar.  The  bar  will  not  vibrate 
about  a  new  position  until  the  point  of 
inflection  closest  to  its  center  has  passed 
by.  For  simplicity,  transients  involved  in 
stopping  the  bar  h«ve  been  neglected. 

J.P.  WALSH.  NRL:  '.n  the  CAMERON  report 
you  got  shock  characteristics  up  to  a  value 
of  0.2  and  then  giiessco  that  in  the  plastic 
range  of  the  hull  the  characteristic  curve 
would  have  a  slop.*  t-f  about  one-half  the 
slope  in  the  elastic  range  and  go  out  to  a 
shock  factorofO.6.  Has  this  been  verified 
in  later  work,  and  are  these  values  which 
you  have  shown  maximum  values  up  to  the 
point  of  uncontrollable  flooding? 
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J.  E.  SHAW;  FJrst  of  .'.fl,  you  wait  to 
know,  "Have  we  confirmed* ffiat  the  slope  is 
about  one-half  when  approaching  the 
plastic  range?"  I  don't  think  we  have 
enough  evidence  to  say  so  .  Some  of  the 
results  indicate  that  while  ^he  velocity 
maybe  about  one-half,  the  acceleration 
against  shock  factor  can  be  almost  hori¬ 
zontal.  We  can  get  only  about  two  shots 
per  ship  in  the  plastic  range.  That  makes 
it  difficult  to  get  sufficient  data  to 
make  sure  of  our  ground.  We  are  not  certain 
that  it  is  half  the  slope.  The  velocity 
looks  like  half  the  slope,  but  we  are  not 
sure  that  it  la  half  the  slope  for  accel¬ 
eration  as  well. 

In  answer  to  the  second  part  of  your 
question,  the  maximum  values  that  we  have 
given  are  for  some  of  the  items  which  were 
actually  measured,  but  others  were  extra¬ 
polated.  For  the  extrapolation,  we  have 
taken  half  the  slope  of  the  curve  in  the 
elastic  range.  We  may  be  a  biv  too  high 
or  too  low. 

J.  P.  WALSH:  Up  to  what  shock  factor 
was  this  extrapolation  made  ii.  order  to 
get  these  maximum  values? 

J . E.  SHAW:  Up  to  the  shock  factor 
that  we  had  on  each  ship.  For  instance 
for  the  submarine  and  for  JOfl  9  it  was 
at)out  0.A6  For  the  EvlTTvALD  it  was  around 
0.8. 

J.P.  WALSH;  Thepe  are  the  values  at 
which  you  would  expect  uncontrollable 
flco.iing? 


FJfi.  32  Response  of  S  rin/f  nnH 
Bor  to  Quick  B is p tscement  , 


J.E.  SHAW:  Yes. 

J.  P.  WALSH:  In  the  CAME80N  report 
predictions  were  made  and  correlation  was 
found  for  maximum  velocity  in  terms  of 
stiffness  of  plating,  framing,  etc.  On 
the  EMTOALD,  a  double-bottom  ship,  were  you 
able  to  conflrp  that? 

J.  F..  SHAW:  We  have  not  done  anything 
on  that  yet.  Actually,  on  the  KMER/LU 
we  have  two  problems.*  With  the  apace  be¬ 
tween  the  inner  and  outer  bottoms  full  of 
water,  anything  on  the  inner  behaves  very 
similarly  to  the  bottom  of  a  single-liull 
ship.  When  the  space  bet  wen  the  inner  and 
outer  bottoms  is  empty,  you  get  a  cross  be¬ 
tween  something  on  the  deck  and  something 
on  the  bottom  of  a  single-hull  ship.  We 
haven't  the  analysis  finished  yet.  We 
are  still  only  a  very  small  team.  This  is 
being  done,  but  it  is  not  completed. 


*  •  • 


CONTRASTING  LAND  VEHICLE  PROCEDURES 


By 

C.  D,  Montgomery, 
Aberdeen  Proving  Ground 


The  difference  between  a  target  ship 
trial  and  a  land  vehicle  teat  makes  a  com¬ 
parison  difficult.  My  particular  field 
involves  land  transportation,  but  the 
closest  approach  to  this  type  of  testing 
made  by  the  Aberdeen  Proving  Ground  on 
land  vehicles  was  the  qualitative  tests 
performed  on  various  wheeled  and  tracklaying 
combat  vehicles  to  determine  the  most  mine- 
resistant  armor  plate  for  various  vehicle 
designs.  The  qualitative  nature  of  this 
testing  does  not  permit  direct  conqjjarison 
with  the  test  work  described  in  the  pre¬ 
ceding  papers;  however,  the  description 
of  another  shock  teat  on  a  light  tank  may 
be  of  interest. 

Early  experience  in  the  war  with  the 
Medium  Tank  M3,  having  a  riveted  hull, 
gave  the  Armored  Force  disagreeable  ex¬ 
perience  with  a  difficulty  called  secondary 
projectiles  or  missiles.  The  armor  on  this 
particular  tank  and  others  consisted  of 
riveted  structures  which,  when  shocked, 
would  cause  the  interior  portion  of  many 
rivets  to  ricochet  inside  the  tank. 
Riveted  tank  hulls  were  immediately  re¬ 
placed  by  welded  hulls;  however,  then 
stowage  brackets  and  various  other  types 
of  mounting  equipment  which  were  orig.lnally 
attached  to  the  armored  plate  became 
secondary  projectiles.  In  addition  to 
secondary  missiles,  electrical  firing 


circuits  would  open  when  Impacted  and 
instruments  would  be  damaged.  Possibly 
there  were  many  other  cases  of  combat 
vehicle  component  failures  due  to  pro¬ 
jectile  impacts  which  were  never  thoroughly 
investigated  . 

The  Ordnance  Department  was  at  this  time 
in  the  process  of  launching  a  large  manu¬ 
facturing  progran  for  production  of  a  Light 
Tank  M5A1  which  was  a  welded  hull,  and 
every  effort  was  made  to  prevent  secondary 
proj  ectilee  . 

In  the  fall  of  1942  it  was  decided  to 
obtain  test  data  on  the  impact  shock 

phenomena  and  to  supply  design  information 
for  tank  stowage  mounts.  The  test  ob¬ 
jective  was  to  establish  a  means  of  shock 
testing  by  firing  at  the  tank  with  37 
millimeter  and  75  millimeter  proof  pro¬ 
jectiles.  A  proof  projectile  is  a  crudely 
made  round  simulating  the  mass  of  the 
more  expensive  armor-piercing  rounds. 

The  75  millimeter  proof  projectiles 
subjected  the  tank  to  an  impact  which  was 
different  from  the  type  of  shock  caused  by 
a  hole-punching,  37  millimeter,  armor¬ 
piercing  round;  however,  the  Impact  of  the 
larger  proof  projectile  mi^t  simulate  the 
fo<ces  caused  by  an  HE  air  burst  or  a 
mine  blast. 
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The  Ordnance  Department  at  Aberdeen 
Proving  Ground  had  no  experience  with  the 
shock  effect  of  projectiles  on  tank  armor 
except  in  a  qualitative  way,  and,  therefore, 
called  upon  Westlngjwuse,  General  Electric, 
and  MIT  to  assist  in  this  program.  It  was 
decided  to  measure  accelerations,  strains, 
and  absolute  displacements.  The  instru¬ 
mentations  to  accomplish  this  were: 

(1)  Piezoelectric  type  accelerometers 
with  low  pass  filters  where  needed. 

(2)  Time  displacement  records  with  a 
solenoid  type  of  travel  recorder. 

(3)  High-speed  motion  pictures  for 
absolute  displacements. 

(4)  Magnetic  and  resistance  strain 
gages  for  the  measurement  of  stress 
components. 

Test  procedure  generally  consisted  of 
firing  at  representative  areas  of  armored 
tank  hull  to  simulate  an  anti-tank  type  of 
attack.  The  tank's  armor  varied  from 
1  1/8  to  1  1/2  inches  in  thickness. 

Several  reports  were  written  covering 
the  data  of  this  test;  in  general,  the  re¬ 
sults  were  grouped  according  to  the 
location  of  the  shocks  as  related  to  the 
impact  area  of  the  projectile.  This  is  a 
convenient  grouping,  for  the  magnitude  of 
the  accelerations  logically  grouped  them¬ 
selves  according  to  the  following  areas: 

a.  Immediately  behind  the  projectile 
impact, 

b.  In  the  immediate  structure, 

c.  Remote  from  the  impact  area,  or 

d.  Isolated  from  the  impact  area  by 
joints  or  resilient  material. 

It  should  be  noted  that  the  magnitude 
alone  of  the  accelerations  does  not  give 
an  indication  of  the  damaging  forces:  also, 
the  phase  i elationships  of  the  component 
structures  tested  probably  cause  a  variation 
in  test  results. 

The  immediate  vicinity  of  the  projectile 
impact  is  considered  within  12  inches  of  the 


point  of  impact.  Thus,  the  greatest  accele¬ 
ration  measured  was  from  approximately 
8000  to  10,000  times  the  acceleration  of 
gravity  and  in  some  instancer  as  high  as 
9000  cycles  per  second.  Crystal  piezo 
accelerometers  brake  in  this  area,  and  it 
is  possible  that  higher  accelerations  were 
present,  if  they  could  have  been  recorded. 
The  impacting  energies  of  the  37  and  75 
millimeter  proof  projectiles  used  at  the 
test  velocities  caused  similar  accelerations 
of  the  armor  for  both  types  of  projectiles. 
There  was  an  indication  that  the  harder, 
armor-piercing  type  of  projectile  caused 
greate-  shock  to  the  armor  than  the  softer 
proof  projectiles. 

The  absolute  displacement  of  the  turret 
wi;en  impacted  was  found  to  vary  from  1/2  inch 
to  1  inch.  Absolute  displacements  of  the 
hull  were  approximately  from  1/4  inch  to 
1/2  inch. 

Much  of  this  displacement  may  be 
accounted  for  by  the  roll  of  the  vehicle’s 
springing  when  impacted.  Similar  phenomena 
occur  when  a  tank  gun  is  fired. 

When  the  impact  shock  was  transmitted 
through  the  tank  turret  plate  to  the  oppo¬ 
site  side  of  the  turret,  it  diminished  to 
approximately  60  percent  (that  is,  from 
8S00  g  to  5200  g)  and  had  about  the  same 
frequency.  When  the  shock  had  traveled 
from  the  turret  across  a  bearing  joint  to 
the  tank  hull,  the  shock  value  dropped  to 
40  percent  of  its  original  value. 

Time  in  the  order  of  a  millisecond  was 
required  for  the  shock  to  be  transmitted  to 
those  regions  remote  from  the  point  of 
impact.  As  mentioned  before,  any  discon¬ 
tinuity  in  the  path  caused  the  shock  to  be 
decreased;  for  example,  the  failure  of  the 
armor  weld  caused  the  shock  to  be  reduced 
to  10  percent  of  its  original  value. 

For  vehicle  components  isolated  by 
resilient  mounts,  the  shock  would  decrease 
to  approximately  1  percent  of  the  original 
value.  The  tank  engines  were  found  to  be 
nicely  isolated  by  their  normal  rubber  vi- 
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bration  ootmts.  Frequencies  of  the  iepsct 
trancnitted  to  the  engine  v^re  reduced  to 
approximately  10  percent  of  the  original 
value  for  resillently  mounted  items. 

The  rubber  mounts  attenuated  the  shodc 
except  in  tone  cases  44iere  no  snubbing  or 
restrictions  were  provided  to  limit  the 
absolute  disiuacement.  An  example  of  this 
was  the  rubber  mounts  used  on  the  tank 
instrument  panel.  The  panel  was  thrown 
from  its  rubber  mounts.  As  the  test 
progressed,  spring  steel  shock  momts  were 
developed.  In  some  instances  these  greatly 
reduced  the  shock  to  the  order  of  20  percent 
of  the  orignial  impact  value:  however, 
sufficient  room  had  to  be  left  between  the 
shock  mount  bracket  and  the  instrument  to 
prevent  dsmageby  the  absolute  displacement. 

Strain  gages  used  were  mounted  on 
various  components  in  the  vehicle.  Strain 
and  frequencies  of  the  strain  were  measured 
on  the  object.  In  many  cases,  liowever, 
the  material  yielded  and  strain  was  only  an 


estimated  value.  Strain  gages  were 
particularly  useful  devices  shen  a  bending 
moment  ic^osed  on  the  component  would 
indicate  the  relative  severity  of  the  force 
imposed  on  the  structure  of  the  component. 

The  greater  use  of  shock  mounts  was 
probably  the  principal  result  of  this 
test.  However,  there  were  other  design 
chsnges  which  were  of  equal  usefulness. 
Additional  testing  i»  needed  in  this 
field,  and  it  is  hoped  that  funds  will  be 
available  for  further  Investigation  of 
tank  shock  effects,  especially  of  mine- 
blast  shodcs. 


SEFESEKCES: 

1.  G.  E.  Report  No,  72346, 

Shock  Tests  on  Light  Taric  MS, 
Oct.  21.  1942 

2.  N.  E.  Co.  Res.  Report  SR- 148, 
Sept,  21  -  27,  1942 
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COMMENTS 


Tlie  following  tables  wre  presented  in- 
fonzally  by  ilr.  ^sw  at  a  Bureau  of  Ships 
conference.  They  contain  design  infor- 
nation  by  which  the  required  strengths  of 
Bachinery  supports  and  aajor  aachinery 
parts  can  be  deternined.  The  design 
accelerations  given  are  the  result 
of  velocity  aeter  measurenents  taken 
during  the  British  underwater,  noncontact 
explosion  field  trials.  The  values  given 
are  about  one-half  the  experimentally 
determined  values.  This  factor  of  one- 
half  was  arrived  at  on  the  basis  of 
damage  observation  of  installed  equipment 
and  is  accounted  for  by  the  increased  yield 


value  of  material  under  shock  conditions 
and  by  other  unexplained  phenomena. 
Equipment  designed  to  these  values  should 
withstand  shock  intensities  that  would 
cause  uncontrollable  flooding  of  the  ship 
in  the  vicinity  of  the  equipnent.  The 
items  in  Tables  1,  2,  and  3  are  for 
essential  ship  equipment.  For  less  im¬ 
portant  items,  where  more  breakage  can  be 
tolerated.  Table  4  is  included.  It  is 
to  be  noted  that  the  values  given  may  not 
be  included  in  their  final  design  speci¬ 
fications  but  are,  at  present,  recomnended 
values.  The  design  values  are  applied  as 
static  values. 
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•On  rigid  resilient  mounting.  This  mounting  consists  of  a  corrugated  piece  of  material 
which  acts  as  a  rigid  body  until  the  forces  reach  certain  definite  values,  after  which 
the  corrugated  material  crushes  considerably  foi  only  a  small  increase  in  force. 
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A  report  of  several  interest  to  the 
jbgmersof  the  SseS:  ssd  Vibration  Sjnposia, 
entitled  'lostrcsents  for  Xeasuring 
Vibration  and  Sock  on  Sdp  Strurturea  and 
iCachinery,  ** '1513  Seport  563.  »ill  be 
arai lahle  IS  Argrst  1943-  Characteri sties 
of  the  Tarions  instrtments  discussed  in 
this  report  are  tabolated  in  Shock  and 
Vibration  Bulletin  Xo,  3,  Ifay  1947. 
Copies  of  the  cotipleted  report  aay  be 
obtained  by  reorest  from  the  ifevid  Taylor 
Model  Basin.  Technical  Infomatioo  Secticci. 
Washington.  3.  C. 

Cepies  of  the  *Tnteriai  Definitions  and 
Standards  for  &ock  and  Vibration”  have 
bees  published  and  distributed.  Written 
comxents  are  invited,  and  discussion 

■sill  take  place  at  the  next  Synposiins.  . 


